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PREFACE  TO  NEW  EDITION. 


UUNG  recent  philosophical  writings,  the  Problems  of 

Jjije  and  Mind  by  G.  H.  Lewes  occupy  a  peculiar 

They  present,  indeed,  no  completed  system 

»phy :  as  their  title  surest*,  tliey  deal  only 

rticular  problems.     Yet,  in  discuseing  these, 

V  Aithor   fihows   himself   a   clear   and   consistent 

pinker,   with  very  definite   views   concerning  the 

and  function  of  pliilosophy.     The  Problems 

pre-eminently   the  work  of  a  modern   thinker, 

B  TcfBed  in  the  newest  developments  of  philosophic 

ight,  keenly  sensitive   to   all    superHciality  and 

K-«idedncSB  of  view,  critical  of  mere  abstractions, 

reeolate    in    keeping   speculation    In    vitalising 

ucb  with  concrete  realities.     If  he  has  failed  to 

I  to  the  number  of  "  Bystems  " — whicli  some  may 

nk  to  l«  already  numerous  enough — he  has  stimu- 

,  thia  generation  to  a  new  critical  investigation 

r  it*  ^sttims ;  he  has  helped  us  to  see  where  our 

tcthods  are  apt  to  be  artificial  and  unreal,  and  has 

Jied  uur  literature  with  a  number  of  pregnant 

Ls,  idSe9  vihres,  some  of  which  have  already 

lied  out  and  atlopted  in  current  thought 
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One  distinction  of  Lewes,  which  gives  to  his  message 
so  deep  a  significance  at  the  present  stage  of  philo- 
sophic  development,  is  the  combination  of  a  large 
and  scholarly  grasp  of  philosophic  problems  with 
the  trained  faculty  of  a  scientific  specialist.  As  a 
biologist,  he  was  not  only  well  read  in  the  extensive 
literature  of  his  time,  but  carried  out  for  himself 
careful  lines  of  research.  One  may  say  that  the 
Problems  bring  together  the  two  main  directions  of 
his  activity,  that  represented  by  the  Biographical 
History  of  Philosophy y  and  that  illustristted  iu  the 
Physiology  of  Common  Life.  The  aim  of  the 
Problems  is  the  old  aim  of  philosophy,  a  Mler  and 
deeper  knowledge  of  man  at  once  on  his  spiritual 
and  on  his  material  side.  This  fuller  knowledge 
the  author  desires  to  attain,  partly  by  improving 
on  current  psychological  conceptions,  as  in  the 
valuable  addendum  that  human  faculties,  reason, 
conscience,  have  their  sociological  as  well  as  their 
biological  factors,  and  partly  by  improving  on  cur- 
rent notions  of  the  organism  and  its  activities.  To 
see  Nature  in  her  actual  complexity,  to  take  into 
account  all  the  conditions  which  go  to  constitute  a 
living,  sentient,  intellectual  being,  this  is  throughout 
his  dominant  aim. 

Lewes's  habit  of  mind,  his  respect  for  concrete 
reality,  led  him  to  unify  to  the  utmost  the  bodily 
and  the  mental  conditions  in  the  living  man.  Mind, 
under  its  simplest  aspect,  sensation  or  sentience, 
seems  here  to  be  no  extraneous  appendage  to  nervous 
processes,  but  a  part  of  neurility  itself;  conversely, 


Kring  nervous  system  eeuaes  to  be  a  mere  material 
]iu»baoifim,  and  Ijeconiea  pervitded  aud  ioforraed  by 
pBfohical  L'k-mcut.    This  emphasising  of  the  organic 
the  iiiterpenetmtioii  of  the  neuml  and  the  pay- 
gives  to  Lewes's  psychology  and  his  neurology 
alike  a  peculiar  cliaraetcr.    The  development  of  mind 
is«:oDceived  of  as  s  phase  of  biological  development, 
[lOAsin^  from  sentience  to  thought,  we  are  but 
ing  the  steps  by  which  the  bodily  organs  arc  ' 
lilt  up  out  of  their  elementary  tissues.     On   the  ' 
ler  hand,  the  neural  functions  are  dealt  with,  not , 
phenomena  foreign  to  and  apart  from  sensation  | 
id  thought,  but  rather  as  integral  elements  and 
loditious  of  these. 

All  that  i^  most  valuable  and  suggestive  in  this 
fiillfir  biolot|^cal  conception  of  the  workings  of 
e  and  nerve-centre  is  contained  in  the  volume 
reprinted.  In  the  Physical  Jiasls  of  Mind  we 
•  the  fniit  of  Lewes's  many  years  of  research  in 
logy.  Those  who  look  with  unprejudiced  eyes 
the  present  state  of  neurological  research  will 
lowled^fi  that,  whether  right  in  his  own  particular 
and  interpretation  of  the  phenomena,  he  has 
good  service  by  challenging  too  readily  accepted 
by  reminding  a  scientific  age  of  its  ignorance 
ly  tilings,  and  l>y  proposing  alternative  hypo- 
which  may  «t  least  disturb  a  drowsy  over- 
in  received  tlieory  and  stimulate  new 
ioqniry.  Now  and  again,  no  doubt,  as  in 
the  attack  on  the  hypothcHis  of  special  centres  of 
inbibitioo,  Lewes's  volume  may  seem  already  to  be 
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passing  out  of  date ;  yet  it  may  be  safely  said  that 
much  which  he  writes  respecting  the  laws  of 
nervous  activity,  as  well  as  his  careful  discussion  of 
the  hypothesis  of  animal  automatism,  and  of  the 
true  nature  of  so-called  reflex  action,  will  have  a 
permanent  value.  To  psychologists  and  neurologists 
alike,  Lewes  says  much  which  will  repay  careful 
attention. 

JAMES  SULLY. 


PREFACE. 


Tbb  title  iDiIicAtes  that  tills  volume  is  restricted  to 
tbe  groap  of  material  conditioua  wliich  conatitute 
tte  organism  in  relation  to  the  physical  world — a 
grwp  whicli  furuialiea  the  duta  for  one  half  of  the 
pBychologist's  quest ;  the  other  half  being  furnished 
bjr  hiitoricaJ  and  social  conditions. 


The   Human  Mind,  tio  far  as  it 

lific  iuquiry,  has  a  twofold  root,  man  being  not 
ly  an  uumal  orgaoism  but  an  unit  in  the  social 
ism ;  and  hence  the  complete  theory  of  its 
itioDa  and  faculties  must  be  sought  in  this  twofuld 
[direction.  This  conception  (which  has  beeu  declared 
**  to  amount  to  a  revolution  in  Psychology  "),  although 
•lowly  prepared  by  the  growing  conviction  (hat  Slan 
coakl  not  be  isolated  from  Humanity,  was  first  ex- 
ided  in  the  opening  volume  of  these  PrMeirui 
Lift  and  Mind:  at  least,  I  am  not  aware  that 
ly  predecessor  had  seen  how  the  epecially  human 
fJKolties  of  Intellect  and  Conscience  were  products 
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of    social    factors    co-operating    with     the     animal 
factors. 

In  considering  the  Physical  Basis  a  large  place  must 
be  assigned  to  the  mechanical  and  chemical  relations 
which  are  involved  in  organic  functions ;  yet  we  have 
to  recognise  that  this  procedure  of  Analysis  is  arti- 
ficial and  preparatory,  that  none  of  its  results  are  final, 
none  represent  the  synthetic  reality  of  vital  facts. 
Hence  one  leading  object  of  the  following  pages  has 
been  everywhere  to  substitute  the  biological  point  of 
view  for  the  metaphysical  and  mechanical  points  of 
view  which  too  often  obstruct  research — the  one  find- 
ing its  expression  in  spiritualist  theories,  the  other  in 
materialist  theories ;  both  disregarding  the  plain  prin- 
ciple that  the  first  requisite  in  a  theory  of  biological 
phenomena  must  be  to  view  them  in  the  light  of  bio- 
logical conditions :  in  other  words,  to  fix  our  gaze 
upon  what  passes  in  the  organism,  and  not  on  what 
may  pass  in  the  laboratory,  where  the  conditions  are 
different.  Analysis  is  a  potent  instrument,  but  is  too 
often  relied  on  in  forgetfulness  of  what  constitutes 
its  real  aid,  and  thus  leads  to  a  disregard  of  all  those 
conditions  which  it  has  artificially  set  aside.  We  see 
this  in  the  tendency  of  anatomists  and  physiologists 
to  assign  to  one  element,  in  a  complex  cluster  of 
co-operants,  the  significance  which  properly  belongs 
to  that  cluster :  as  when  the  property  of  a  tissue  is 
placed  exclusively  in  a  single  element  of  that  tissue, 
the  function  of  an  organ  assigned  to  its  chief  tissue, 
and  a  function  of  the  organism  to  a  single  organ. 


Another  object  has  been  to  furnish  the  reader  uniu- 

lltructed  in  physiology  with  such  a  general  outline  of 

e  fltructure  and  functions  of  the  organism,  and  such 

tails  respecting  the  sentient  mechanism,    as   may 

Jcen  an  interest  in  the  study,  and  enable  him  to 

Lnd    the    application  of  Physiology    to   Psy- 

ology.      If  he  comes  upon  details  which  can  only 

3t  specially  edui'ated  etudents,  or  perhaps  only 

f  thorn  be  really  understood,  he  can  pass  over  these 

Uiils,  for  their  omission  will  not  seriously  affect  the 

uing  of  the  general  principlas.     I  have  given  the 

had  to  give ;   and  must  leave  each  reader  to 

bd  in  it  whatever  may  interest  him.     The  uses  of 

.  are  first  to  stimulate  inquiry  by  awakening  au 

t;  secondly,  to  clarify  and  classify  tlie  know- 

iiy  gained  from  direct  contemplatiou  of  the 

They  are  stimuli  and  aids  to  observa- 

tioD  and  thought.     They  should  never  be  allowed  to 

aeo  for  us,  nor  to  think  for  us. 

The  volume  contains  four  essays.  The  first,  on 
tha  Nature  of  Life,  deals  with  the  speciality  of 
organic  phenomena,  as  distinguished  from  the  inor- 
ganic It  sets  forth  the  physiological  principles  which 
efaology  must  incessantly  invok&  In  the  course 
the  eipoaition  I  have  incorporated  several  passages 
''from  four  articles  on  Mr.  Darwin's  hypotheses,  con- 
tributed to  the  Fortniyhlly  Review  during  the  year 
i86S.  I  have  also  suggested  a  modihcation  of  the 
hypothesis  of  Natural  Selection,  by  extending  to 
the  tiasuet  and  organs  that  principle  of  competition 
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which  Mr.  Darwin  has  so  luminously  applied  to  cr- 
ganisms.  Should  this  generalisation  of  the  "  struggle 
for  existence"  be  accepted,  it  will  answer  many  of 
the  hitherto  unanswerable  objections. 

The  second  essay  is  on  the  Nervous  Mechanism^ 
setting  forth  what  is  known  and  what  is  inferred 
respecting  the  structure  and  properties  of  that  all- 
important  system.  If  the  sceptical  and  revolutionary 
attitude,  in  presence  of  opinions  currently  held  to  be 
established  truths,  surprises  or  pains  the  reader  un- 
prepared for  such  doubts,  I  can  only  ask  him  to 
submit  my  statements  to  a  similar  scepticism,  and 
confront  them  with  the  ascertained  evidence.  After 
many  years  of  laborious  investigation  and  meditation, 
the  conclusion  has  slowly  forced  itself  upon  me,  that 
on  this  subject  there  is  a  "  false  persuasion  of  know- 
ledge "  very  fatal  in  its  influence,  because  unhesitat- 
ingly adopted  as  the  ground  of  speculation  both  in 
Pathology  and  Psychology.  This  persuasion  is  sus- 
tained because  few  are  aware  how  much  of  what 
passes  for  observation  is  in  reality  sheer  hypothesis. 
I  have  had  to  point  out  the  great  extent  to  which 
Imaginary  Anatomy  has  been  unsuspectingly  ac- 
cepted; and  hope  to  have  done  something  towards 
raising  a  rational  misgiving  in  the  student's  mind 
respecting  "  the  superstition  of  the  nerve-cell " — a 
superstition  which  I  freely  confess  to  have  shared  in 
for  many  years. 


The  tfaird  eswiy  treats  of  Animal  Automatism. 
Hero  the  conBtout  insistance  on  the  biological  point 
of  Tiew,  while  it  causes  a  rejection  of  the  niechanicnl 
theory*,  admits  the  fulket  recognition  of  all  the 
mechanical  relations  involved  in  animal  movements, 
and  tboB  eodeavours  to  reconcile  the  contending 
sehoola.  Id  this  essay  I  have  also  attempted  n 
pejrchological  solution  of  that  mueli-debated  question 
I  —the  relation  between  Body  and  Mind.  This  solution 
I  why  physical  and  mental  phenomena  must 
ily  present  to  our  apprehension  such  pro- 
'  diverse  characters;  and  shows  that  Mate- 
inliflm.  in  attempting  to  deduce  the  mental  from  the 
physical,  putd  into  the  conclusion  what  the  very  terms 
r  have  excluded  from  the  prL-misses ;  whereas,  on  the 
I  hypothesis  cjf  a  physical  procesa  being  only  tlie  objec- 
tire  aspect  of  a  mental  proeoss,  the  attempt  to  inter- 
pret the  ooe  by  the  other  is  as  legitimate  as  the 
solution  of  a  geometrical  problem  by  algebra. 


In  the  finnl  essay  the  Refiac  Theory  ia  discussed  ; 

nd  here  once  more  the   biological  point  of  view 

rtifies  the  error  of  an  analysis  which  has  led  to  th« 

nial  of  Sensibility  in   reflex  actions,  Iwcanse  that 

maljais  has  overlooked  the  necessary  presence  of  the 

ilitions    which    determine    Sensibility.      In    these 

■chApleiB    arc    icproduced  seveml  passages   from  the 

Phym'otoffy  oj  Common  Life. 
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According  to  my  original  intention,  this  volume 
was  to  have  included  an  exposition  of  the  part  I  con- 
ceive the  brain  to  play  in  physiological  and  psycholo- 
gical processes,  but  that  must  be  postponed  until  it 
can  be  accompanied  by  a  survey  of  psychological 
processes  which  would  render  the  exposition  more 
intelligible. 

Thb  Pbiobt,  Marck  1877. 
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PROBLEM  I. 


THE   NATURE   OF  LIFE. 


"  La  Physiolofie  a  poor  bat  d'expcwer  les  ph6nomdnet  de  la  Tie  bumaine  et 
Wf  eoaditiona  d*od  iU  dependent.  Poor  7  arriTer  d*aiie  manidre  •tn,  U  faat 
a^cMMirenMBt  arant  toat  determiner  qaek  lont  les  pbinomtoea  qu'on  d^eigne 
mama  le  noiii  de  vie  en  gin6raL  0*e«t  poarqaoi  la  premiere  ebote  i  faire  e«i 
d  etadier  lea  propria*  gfoiralea  da  corpe  qa'on  appelle  organiqaei  on  Tivani.*' 

TliDiMAXX :  TraiU  de  Phytiologie  de  f Homme,  i.  a. 

**  Some  weak  and  inexperienced  pereona  rainlj  leek  bj  dialeotie«  and  far- 
fetched affamenia  either  to  aptet  or  establiah  tbingi  that  are  only  to  be  f oanded 
en  anatomical  demonstration  and  beliered  on  the  evidence  of  the  senses.  He 
who  truly  desires  to  be  informed  of  the  qaestion  in  band  mast  be  held  boand 
ctth«r  to  look  for  himself,  or  to  take  on  trost  the  conolasions  to  whieh  thej  who 
hsTe  looked  have  come  ta** 

Hastit  :  Second  DmerkUiom  to  Siofaiu 
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THE  PROBLEM   STATEP. 

■    Utulu-gu  for  convenience  we  use  the  terms  Life  and  Mintl 

^^j'l-.'cnlinj;  distinct  orders  of  plictiomena,  the  one  olijec- 

'  ■  j:iiI  tlif  other  subjective,  and  although  for  centiiriea  tliey 

Ij.i  'itii!;;naic<l  distinct  ciiLities,  or  forces  Iiaving  different 

•i;i-!nitii.  we  may  now  consider  it  sufficiently  acknowledged 

i:,jait   sfienlilic  thinkers  that  every  problem   of  Kliud   is 

I  " -.wnly  a  problem  of  life,  referring  to  one  special  yroiip 

;  nul  3i'Uviti<».     It  is  nnou^h   tliat  Mind  ia  never  mani- 

:'d  <  \<-«^pt  in  a  living  organism  to  make  ns  seek  in  au 

ilvti^  of  or,jiinic  phenomena  for  the  material  conditions  of 

'H'  mental  fact.     Mental    phenomena  when  obscn'ed  in 

'■'■••■n,  although  in tvrpn.' table  by  our  consciousness  of  what 

u  puaiiK;  in  ourwlvi»,  can  only  be  objective  jihenomena  of 

2.  On  this  tntiuod,  if  nn  ttus  alone,  an  acquaintance  witli 
tli«  gcDcnl  priociplea  of  structure  and  function  is  indispcns- 
»lil>  tn  tbo  psychologist;   although  only  of  lato  ycara  has 
i^is  beeo  fuUy  KOt^itfed,  so  that  men  profoundly  ij^onint 
tbe  arsuunn  bive  bad  no  licsilatiou  in  theorising  on  its 
..'hflrt  faDCtioDfl.     In  saying  that  such  knowledge  is  indis- 
0  not  mean  that  in  the  absence  of  such  know- 
is  (laborred  &om  understanding  much  of  the 
r1  by  inTCstigators,  nor  that  he  may  not  himself 
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..:-:. zf  :f  psychologica 
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Tlie  friction  which  alters  the  temperiUure  aiiJ 
J  state  of  a  bit  of  ^laas,  ignites  a  bit  of  phosphorus, 
I  M  destroys  its  integrity  of  structure,  converting  phos- 
■  into  phosphoric  acid. 
.  Hhs  second  class,  while  exhibiting  both  physical  aii<l 
il  propoitics,  is  markedly  ditilinguished  by  the  addition 
lerttcs  colled  vital.  Their  peculiarity  cunsista  in  this : 
f  OQiUrtgo  inolM:uhir  cliaugea  of  cumpusition  and  deconi- 
I  which  are  simultaneous,  and  hi/  this  simultaniitij 
■  tlttir  inUgrity  of  dructure.  'lliey  change  their  state, 
I  Ihelr  elements,  yet  pruserve  their  nnity,  and  even  when 
ntijiting  conlluue  spccitic.  Unlike  all  other  bodies, 
b  ofpuusetl  are  bom.  grow,  develop,  and  decay,  througli  a 
nibed  series  of  graduated  evolutions,  each  stage  K-tuj; 
I  iodUpen-Hahle  condition  of  its  successor,  no  sta^  ever 
iriag  except  in  its  serial  order. 

.  Tlie  llurd  class,  while  exhibiting  all  the  characteriaticM 
e  two  preceding  classes,  is  sp<!cialised  by  the  addition  of 
f  new  property,  colled  Sensibility,  wliich  subjectively 
FeaUng.  Here  organised  snhBtuuite  has  become  animal 
),  and  Vegctality  has  been  developed  into  AnimaUty 
n  of  now  factors — new  complexities  of  the  ele- 
f  fences.  Many,  if  not  most,  philosophers  postulate 
■  •ntiioly  new  Existence,  and  not  simply  a  new  Mode.  U> 
\xA  for  tlii>  manifattatiou.t  of  Mind ;  they  refuse  Uj 
wledgc  it  lo  be  a  vital  manifestation,  they  demand  that 
D  lilis  be  added  a  separate  substratum,  the  f^ouL  Thin  is  not 
a  point  to  be  disctused  here.  Wo  may  be  content  with  the 
that  however  giviit  the  phenomenal  difference 
Humanity  and  Animulity  (a  ditTcrcnM*  we  shall 
Wmnfter  we  to  Xns  the  expn-jtsion  of  n  new  frntur,  namely, 
the  Mcia]  factor),  nevertheless  the  distinctive  attribute 
■A  Sensibility,  out  of  which  rise  tlmotion  and  Cognition, 
niulca  tba  iiueparahle  kintkip  of  mental  with  ^-ital  pheno- 


Tbiu  all  the  various  diodes  of  Kxi.<lcnce  may,  at  least  in 
"ctr  ubjeetire  nsi>ect,  be  ranged  under  tlio  two  divisions  of 
laa^pak  and  Oi^anic — Non-living  and  Uving^«ot)  tliese 
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are  respectively  the   objects  of  the  cosmological  and  the 
biological  sciences. 

6.  The  various  sciences  in  their  serial  development 
develop  the  whole  art  of  Method.  Mathematics  develops 
abstraction,  deduction,  and  definition;  Astronomy  abstrac- 
tion, deduction,  and  observation ;  Physics  adds  experiment ; 
Chemistry  adds  nomenclature ;  Biology  adds  classification, 
and  for  the  first  time  brings  into  prominence  the  important 
notion  of  conditions  of  existence,  and  the  variation  of  phe- 
nomena under  varying  conditions:  so  that  the  relation  of 
the  organism  to  its  medium  is  one  never  to  be  left  out  of 
sight.  In  Biology  also  clearly  emerges  for  the  first  time 
what  I  regard  as  the  true  notion  of  causality,  namely,  the 
procession  of  causes, — the  combination  of  factors  in  the 
product,  and  not  an  ab  extra  determination  of  the  product. 
In  Vitality  and  Sensibility  we  are  made  aware  that  the 
causes  are  in  and  not  outside  the  organism ;  that  the  organic 
effect  is  the  organic  cause  in  operation  ;  that  there  is  auto- 
nomy but  no  autocracy ;  the  effect  issues  as  a  resultant  of  the 
co-operating  conditions.  In  Sociology,  finally,  we  see  brought 
into  prominence  the  historical  conditions  of  existence.  From 
the  due  appreciation  of  the  conditions  of  existence,  material 
and  historical,  we  seize  the  true  significance  of  the  principle 
of  Eelativity. 

7.  Having  thus  indicated  the  series  of  the  abstract  sciences 
we  have  now  to  consider  more  closely  the  character  of 
Biology.  The  term  was  proposed  independently  yet  simul- 
taneously in  Germany  and  France,  in  the  year  i8o2,  by 
Treviranus  and  Lamarck,  to  express  "  the  study  of  the  forms 
and  phenomena  of  Life,  the  conditions  and  laws  by  which 
these  exist,  and  the  causes  which  produce  them."  Yet  only 
of  late  years  has  it  gained  general  acceptance  in  France  and 
England.  The  term  Cosmology,  for  what  are  usually  called 
the  Physical  Sciences,  has  not  yet  come  into  general  use, 
although  its  appropriateness  must  eventually  secure  its 
recognition. 

Biology — the  abstract  science  of  Life — embracing  the  whole 
organic  world,  includes  Vegetality,  Animality,  and  Humanity ; 
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i  are  I'hytology,  Zoology,  and  AiitLvi.- 
ich  of  the  sciences  baa  its  canlinal  divisions, 
I  dynamical,  namely.  Morphology — the  science  of 
ind  Physiology — the  science  of  function. 
Morphology  embraces — V,  Anatomy,  i.e.,  the  description 
of  tfav  putA  then  tutd  there  present  in  the  organism ;  and 
tltcM  pwte,  or  organs,  are  further  described  by  the  cnumcra- 
tWD  of  tbttir  ciiustituviil  tissues  and  elements;  and  of  these 
■pio  the  proximate  principles,  so  far  as  they  can  be  isolated 
tout   chemical    decomposition.     2',  Orgaiwgtny,  i.e.,   the 

f  of  the  evolution  of  organs  and  tissues. 
Itjviology  embraces  the  properties  and  functions  of  llio 
I  oi;gans — the  primary  conditions  of  Growth  ond 
ml  out  of  which  rise  the  Jiigher  functions  bring- 
t  argutism  into  active  relation  with  the  surrounding 
toediuia.  The  first  group  of  properties  and  functions  are 
called  those  of  vegetal,  or  organic  life ;  the  second  those  of 
r  relative  life. 


It  will  tw  needl'ul  to  fix  with  precision  the  terms, 
tn,  life.  Property,  and  Function. 
IAd  oTganinm.  although  usually  signifying  &  more  or  less 
Mplex  unity  of  organs,  because  the  structures  which 
1  sanctAd  Bcieotilic  attention  were  all  thus  markedly 
from  inorganic  bodies,  has  by  the  gradual 
t  of  rc«varch  been  necessarily  generalised,  till  it 
t  for  uiy  orgHnise<l  substance  capable  of  indepen- 
lity  :  in  other  words,  any  BuhsUincu  having  the 
I  combination  of  elements  which  manifcxts  the  serial 
I  of  growth,  development,  and  decay.  Tliere  are 
t  hiv«  no  differcntiatod  organs.  Thus  a  micm- 
•oopio  tbnDltM  lamp  of  st-mitluid  jelly-like  substance  (I*ro- 
toplma}  i*  caUod  u  organism,  l>ecauMi  it  feeds  it«elf,  and 
reprodooea  itMlf.  Tlicre  are  advantages  and  disadvantages 
ia  nicb  estaudoDs  of  terms.  These  are  notablo  in  tha 
ilextenuoB  of  the  term  Life,  which  origiuuUy  express- 
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ing  only  the  complex  activities  of  complex  organisms,  has 
come  to  express  the  simplest  activities  of  protoplasm.  Thus 
a  Monad  is  an  organism ;  a  Cell  is  an  organism ;  a  Plant  is 
an  organism ;  a  Man  is  an  organisnL  And  each  of  these 
organisms  is  said  to  have  its  Life,  because 

**  Through  all  the  mighty  commonwealth  of  things 
Up  from  the  creeping  worm  to  sovereign  man  "  • 

there  is  one  fundamental  group  of  conditions,  one  oi^ganised 
substance,  one  vitality. 

Obviously  this  unity  is  an  abstraction.  In  reality,  the 
life  manifested  in  the  Man  is  7wt  the  life  manifested  in  the 
Monad :  he  has  Functions  and  Faculties  which  the  Monad 
has  no  trace  of ;  and  if  the  two  organisms  have  certain  vital 
characteristics  in  common,  this  unity  is  only  recognised  in 
an  ideal  construction  which  lets  drop  all  concrete  dififerences. 
The  Life  is  different  when  the  organism  is  different  Hence 
any  definition  of  Life  would  be  manifestly  insufiScient  which 
while  it  expressed  the  activities  of  the  Monad  left  unex- 
pressed the  conspicuous  and  important  activities  of  higher 
organisms.  A  sundial  and  a  repeater  will  each  record  the 
successive  positions  of  the  sun  in  the  heavens ;  but  although 
both  are  instruments  for  marking  time,  the  sundial  will  not 
do  the  work  of  the  repeater ;  the  complexity  and  delicacy  of 
the  watch  mechanism  are  necessary  for  its  more  varied  and 
delicate  uses.  A  semifluid  bit  of  protoplasm  will  feed  itself; 
but  it  will  not  feed  and  sustain  a  complex  animal ;  nor  will 
it  feel  and  think. 

9.  Neglect  of  this  point  has  caused  frequent  confusion  in 
the  attempts  to  give  satisfactory  definitions.  Biologists  ought 
to  have  been  warned  by  the  fact  that  some  of  the  most 
widely-accepted  definitions  exclude  the  most  conspicuous 
phenomena  of  Life,  and  are  only  applicable  to  the  vege- 
table world,  or  to  the  vegetal  processes  in  the  animal  world. 
A  definition,  however  abstract,  should  not  exclude  essential 
cliaracters.  The  general  consent  of  mankind  has  made  Life 
synonymous  with  Mode  of  Existence.    By  the  life  of  au 

*  Wordsworth, 
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&nimal  is  meant  tbe  existence  of  that  animal;  when  (lead 
th'-  fifiim.i/  nu  lunger  exists;  tlie  aubatancea  of  which  tho 
( <rpii]i.i:ii  \\':i^  <'Miii]>osGd  exist,  but  under  another  mode;  their 
cuBUfixua  is  altered,  and  the  or,^'unisDi  vaniBhcs  iii  the 
ikltcration.  It  ia  a  eeriouB  mistake  tu  call  tlie  corpse  an 
uf^guusnt ;  for  thut  syedal  comhiuatiou  which  constituted  the 

I  is  mil  present  in  the  corpse.  This  misconception 
I  some  s[>v«iilative  minds  into  assigning  life  to  the 
The  universe  assuredly  exists,  but  it  does  not 
live ;  ita  existence  can  only  be  identified  with  life,  such  aa 
VB  observe  in  orgunisms,  by  a  complete  oblit^ratioii  of  the 
apedmlity  which  tlie  t<-rm  Life  is  me^ont  to  desigunli^  Yt-t 
■nany  havu  not  only  pleased  themselves  with  such  n  concep- 
tina,  but  lutve  conceived  the  universe  to  be  an  organism 
fMhinnrd.  directed,  and  sustained  by  a  soul  like  that  of  man 
— the  tnima  mundi.  Thia  is  to  violate  all  scientific  canoua. 
Tbs  life  of  8  pluit^rt>aaiam  is  not  the  same  as  the  lifu  of  aa 
■atmal^ot^anism ;  the  life  of  an  animal-organism  ia  not  the 
■uw  M  thu  life  of  a  human-organism ;  nor  can  the  life  of 
A  bomau-organism  be  the  same  as  the  life  of  the  world- 
ctyaiam.  Thu  unity  of  Existences  does  not  obliterate  the 
variety  of  Modes ;  yrt  it  ia  the  speciality  of  each  Mode  which 
Scknoa  iuYMtif^tca;  to  some  of  these  Modes  tho  term 
Iif«  b  ccMuiitently  applied,  to  others  not ;  and  if  we  nicr^ 
tben  all  19  a  ownmou  term,  we  must  then  invent  a  new  tena 
to  ieafaalo  tlie  Modes  now  Included  under  Life 

10.  In  resisting  this  unwarrantable  extension  of  the  U-rm 
I  un  Dot  only  poinliii({  to  u  speculative  error,  but  also  to 
a  nhuiu   Inologiisl  error  common  iu  both  spiritualist  and 

It  RchooU,  namely  that  of  assigning  life  t-j  other  than 

genciefl.     Instead  of  rectJgtiisiiig  the  speciality  of 
tba   Mode  of  ExiBtenco  as  dependent  on  a  speciality  of  tliu 

coodJlioDs.  th(!  Bpiritualist  assigns  Life  to  aomo 
Vital  Trinciplc,  the  materialist  assij^ns  it 
tu  aOBM  iDOiganie  agunt — physical  or  chcininLL  Waiving; 
fiv  tbc  pKwnt  oil  diwuMirin  of  Vjioltsm,  U't  us  consider  in 
wbat  vnae   we  must  sopartte  oii^anic  from   all  inoij^io 
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IL  There  is  a  distinctioii  between  inoiganic  and  oiganic 
vliich  mav  fitlv  be  called  radical :  it  lies  at  the  root  of  the 
phenomena,  and  must  be  accepted  as  an  ultimate  tBct^ 
a]thoa;;h  the  synthesis  on  which  it  depends  is  analytically  re- 
ducible to  a  complication  of  more  primitive  conditions.  It  has 
been  already  indicated  in  §  5.  All  oiganisms  above  the  very 
simplest  are  syntheses  of  three  terms :  Structure,  Aliment^  and 
Instrument.  Crystals,  like  all  other  anoiganisms,  have  etiuc- 
ture,  and  in  a  certain  sense  they  may  be  said  to  grow  {Jlineralia 
crcscujUj,  though  the  growth  is  by  increase  and  not  by  modifi' 
catirm :  *  the  motherlye,  which  is  the  food  of  the  crystal, 
is  never  brought  to  the  crystal,  nor  prepared  for  it,  by  any 
instrumental  agency  of  the  crystal  Organisms  aro  exclu- 
sively instrumental;  the  organ  is  au  instrument.  The 
structural  integrity  of  an  organism  is  thus  preserved  through 
an  alimentation  which  is  effected  through  special  instruments. 
Nothing  like  this  is  visible  in  anorganisms. 

The  increase  of  a  crystal  is  further  distinguishable  from 
the  growth  of  an  organism,  in  the  fact  of  its  being  simple 
accretion  without  development ;  and  the  structure  of  the 
crystal  is  distinguishable  from  that  of  an  organism  in  the  fact 
that  its  integrity  is  preserved  by  the  exclusion  of  all  molecular 
change,  and  not  by  the  simultaneous  changes  of  molecular 
decomposition  and  recomposition.  Inorganic  substances  are 
sometimes  as  unstable  as  organic,  sometimes  even  more  un- 
stable ;  but  their  instability  is  the  source  of  their  structural 
destruction — they  change  into  other  species;  whereas  the 
instability  of  organised  substances  (not  of  organic)  is  the 
source  of  their  structural  integrity :  the  tissue  is  renovated, 
and  its  renovation  is  a  consequence  of  its  waste. 
^     12.  But  while  the  distinction  is  thus  radical,  when  we 

•  Crystals  not  only  grow  by  assimilation,  but  even  repair  injuries, 
with  a  certain  superficial  resemblance  to  the  repair  of  animal  tissues. 
Thus,  according  to  the  experiments  of  Jordan  cited  by  Sir  James 
Paget  (Lectures  on  Surgical  Pathology^  i.  153,  and  2nd  ed.  p.  115),  an 
octohedral  crystal  of  alum,  if  fractured  and  replaced  in  a  motherlye 
will  in  a  few  days  exhibit  a  complete  restoration  of  the  original  form. 
The  whole  crystal  increases,  but  the  increase  is  greatest  on  the  broken 
edge,  and  the  octohedral  form  is  completely  renewed.    (Com p.  §  113.) 
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organism  from  the  real — tliat  is,  frani  the  syDtlirtic 
of  view — we  must  hIso  urge  the  validily  of  the  analyti- 
pnint  of  view,  whioh  seizes  on  the  conditions  hero  com- 
in  a  special  group,  and  declares  these  conditions  to 
[y  rcco-^issble  equally  in  anoi^anisins  and  in 
All  the  fundumcnliil  propertius  of  Matter  are 
iu  orgimi.'ieii  Matter.  The  eleinentaiy  substances 
sad  forcei  (iuniliar  to  pliysicists  and  chemists  are  the  materials 
of  the  biologist ;  nor  baa  there  been  found  a  single  oiganic 
■nfartjmce.  bowwer  special,  that  is  not  reducible  to  inorganic 
rlencDta.  Wv  see,  then,  that  organised  flatter  is  only  u 
■pecial  onmbiuntion  of  that  which  in  ollur  combinations  pre> 
■ents  chemical  and  physical  ]ihenomena ;  and  we  are  prepared 
to  find  Cbemistry  and  Physics  indispensable  aids  in  onr 
isalyau  of  organic  phenomena.  Aids,  but  only  aids;  indis- 
>lv,  bat  insufficient. 
13L  There  i»  thcreforv  an  ambiguity  in  the  common  8tat&- 
it  that  organised  matter  is  not  onlinary  matter.  Indis- 
iu  nne  sense,  this  is  eminently  disputable  when  it  is 
tBtcrpretcd  as  evidence  of  a  peculiar  Vital  Force  "  wholly 
wullied  with  the  primary  energy  of  Motion."  If  by  "  ordi- 
mcy  iDatt«r  "  be  meant  earths,  crj'stals,  gases,  va])ours,  then 
umvdiy  orgauL^cil  matter  is  not  ordbary.  "  Iletweeu  th« 
Imny  ftt&le  of  matter  and  its  noti-livimj  state,"  says  Dr. 
Beale,  "  there  is  on  absolute  and  irreconcilable  diHerence  ;  so 
Cu  tram  our  being  able  to  demonstrate  that  the  non-living 
pMKS  by  grmlal.ions  into  or  gra<lually  assumes  the  scale  or 
coodHion  of  the  thing,  the  transition  is  sudden  and  abrupt, 
and  nutt«r  already  in  the  living  state  may  pass  into  the  non- 
liritig  condition  in  tbe  same  sudden  and  complete  manner."* 
Tlu>  Biubiguity  here  is  sensible  in  the  parallel  case  of  the 
didtmikce  between  crystal  I  iwtble  and  coagulnblo  matter,  or 
beCwMn  OHO  er>'stal  and  another.  If  wo  can  decompose  the 
ot^guiic  inlo  the  inor^nic,  tliis  shows  that  the  elements  of 
Ihft  ooe  •»  elements  of  the  other ;  and  if  we  are  not  yet  able 
to  isKuupOM  tbe  inorganic  elements  into  organic  matter  (not 
*  Cited  bj  OsnnuLK ;  Lift  and  At  EipiiraUnet  of  Fore*;  port  U. 
M4^ 
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at  least  in  its  more  complex  forms),  may  this  not  be  due  to 
the  fact  that  we  are  ignorant  of  the  proximate  synthesis, 
ignorant  of  the  precise  way  in  which  the  elements  are  com- 
bined? I  may  have  every  individual  part  of  a  machine 
before  me,  but  unless  I  know  the  proper  position  of  each, 
I  cannot  with  the  parts  reconstruct  the  machine.  Indeed 
the  very  common  argument  on  which  so  much  stress  is  laid 
in  favour  of  some  mysterious  Principle  as  the  source  of 
organic  phenomena,  namely,  that  human  sldll  is  hopelessly 
baffled  in  the  attempt  to  make  organic  substances,  still  more 
a  living  cell,  is  futile.  Men  can  make  machines,  it  is  said, 
but  not  organisms,  ergo  organisms  must  have  a  spiritual 
origin.  But  the  fact  is  that  no  man  can  make  a  machine, 
unless  he  take  advantage  of  the  immense  traditions  of  our 
race,  and  apply  the  skill  of  millions  who  have  worked  and 
thought  before  him,  slowly  and  tentatively  discovering  the 
necessary  means  of  mechanical  eflfect.  The  greatest  tliinker, 
or  the  deepest  scholar,  who  did  not  place  himself  in  the  line 
of  the  tradition,  and  learn  the  principles  of  mechanism,  and 
the  properties  of  the  materials,  would  be  as  incapable  of 
making  a  watch,  as  the  physiologist  now  is  of  making  a  celL 
But  the  skill  of  man  has  already  succeeded  in  making  many 
organic  substances,  and  will  perhaps  eventually  succeed  in 
making  a  cell,  certainly  will,  if  ever  the  special  synthesis  which 
binds  the  elements  together  should  be  discovered.  Not  that 
such  a  discovery  would  alter  the  position  of  Biology  in  relation 
to  Chemistry.  The  making  of  albumen,  nay,  the  construction 
of  an  organism  in  the  laborator}',  would  not  in  the  least  affect 
the  foundation  of  Biology,  would  not  obliterate  the  radical 
diSei*ence  between  organisms  and  anorganisms.  It  is  the 
speciality  of  organic  phenomena  which  gives  them  a  special 
place,  although  the  speciality  may  only  be  due  to  a  complica- 
tion of  general  agencies. 

VITAL  FORCE. 

14.  A  similar  ambiguity  to  that  of  the  phrase  "  ordinary 
matter"  lies  in  the  equally  common  phrase  "Vital  Force," 
which  is  used  to  designate  a  special  group  of  agencies,  and  is 
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to  designate  an  agent  wliicli  has  no  kinship  with 
group ;  that  is  to  say,  instead  of  being  employed 
BigntficattoD — that  which  alone  represents  our 
the  abstract  statical  expression  of  tlie  complex 
CMkditioDS  necessary  to  the  manifestation  of  vital  phenomena, 
or  IS  the  ali^tract  dynamical  expression  of  the  phenomena 
tliunselres,  it  is  employed  as  an  expression  of  their  unknown 
Cmat^  vhich,  because  unknon-n,  is  dissociated  from  the 
fcnowTi  conditions,  ami  erected  into  a  myst«riou8  Principle, 
bivins  nn  kinship  with  Matter.  In  the  first  sense  the  term 
iJs  a  shorthand  !<yniln>I  of  what  is  known  and  inferred.  TIwj 
tnoim  conditions  are  the  relations  of  an  organism  and  its 
nwilium.  the  orgnniani  being  the  union  of  various  substances 
■n  of  which  have  their  peculiar  properties  when  isolated ; 
praptfrties  that  disapjear  in  the  union,  and  are  replaced  by 
(dhers,  which  result  from  the  combination — as  the  ])ropertie8 
of  dilorine  and  30<)ium  all  disappear  in  the  sea-salt  which 
R«|U  from  their  nnion ;  or  as  the  properties  of  oxygen  and 
itw  properties  of  hydrogen  disappear  and  are  replaced  by  the 
properties  of  water.  When  therefore  Vital  Force  is  said  to  bo 
eitalted  or  depT«s.'i«d,  the  phrase  has  rational  interpretation  in 
the  altemtioD  which  has  taken  place  in  one  or  more  of  the 
coaditions,  internal  and  external :  a  chnngo  in  tho  tissues,  the 
phuu.  or  the  L-nvironmcnt,  exalts  or  depresses  the  energ}-  of 
the  vital  Dianifi^tatinns ;  and  to  sup^tose  that  tins  is  i-flcct«d 
Ihroogli  the  agency  of  some  extra-organic  Principle  is  a  purely 
grattntons  fiction. 

15.  That  we  are  ignomnt  of  one  or  more  of  the  indispensable 
oandttiinu  spntioliaed  in  the  abstract  term  Vitality  or  Vital 
Torec,  is  no  reason  for  quitting  the  secure  though  difflcult 
Ipatli  of  ObBervation,  and  rushing  into  the  facile  but  delusive 
of  fiction,  which  proposes  ntetempiricul  Agents  (in  tlie 
^«f  Vital  an'l  Psychical  Principles)  to  solve  the  problems 
A  Mind.  We  may  cmjdoy  the  term  Vital  Force  to 
observations,  together  with  ell  that  still  remains 
d;  ukI  we  arv  bound  to  recognise  th«  line  which 
trparat«9  ohservotinn  from  inference,  what  is  proved  fVom 
ii  iofeiTed ;  hot  while  marking  the  limUs  of  the  known. 
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we  are  not  to  displace  the  known  in  favour  of  the  unknown. 
It  is  said  that  because  of  our  ignorance  we  must  assume  these 
causes  of  life  and  Mind  to  be  unallied  with  known  material 
causes,  and  belonging  to  a  difleient  order  of  existences.  This  is 
to  convert  ignorance  into  a  proof ;  and  not  only  so,  but  to  allow 
what  we  do  not  know  to  displace  what  we  do  know.  The 
oiganicist  is  ready  to  admit  that  much  lias  still  to  be  dis- 
covered ;  the  vitahst,  taking  his  stand  upon  this  unknown, 
denies  that  what  has  been  discovered  is  reaUj  important^ 
and  declares  that  the  real  a:zent  is  whoUv  unallied  to  it.    How 

V.  m 

can  he  know  this  ? 

He  does  not  know  it ;  he  assumes  it ;  and  the  chief  evi- 
dence he  adduces  is  that  the  ordinary  laws  of  inorganic  matter 
are  incapable  of  explaining  the  phenomena  of  organised 
matter ;  and  that  physical  and  chemical  forces  are  controlled 
by  vital  force.  I  accept  both  these  positions,  stripping  them, 
however,  of  their  ambiguities.  The  laws  of  ordinary  matter 
are  clearly  incompetent  in  the  case  of  matter  which  is  not 
ordinary,  but  specialised  in  organisms  ;  and  when  we  come  to 
treat  of  Materialism  we  shall  see  how  unscientific  have  been 
the  hypotheses  which  disregard  the  distinction.  The  question 
of  control  is  too  interesting  and  important  to  be  passed  over  here. 

VITAL  FORCE  CONTROLLING  PHYSICAL  AND  CHEMICAL  FORCES. 

16.  The  facts  relied  on  bv  the  vitalists  are  facts  which 
ever^'  oiganicist  will  emphasise,  though  he  will  interpret  them 
differently.  When,  for  example,  it  is  said  that  "  Life  resists 
the  effect  of  mechanical  friction,**  and  the  proof  adduced  is  the 
fact  that  the  friction  which  will  thin  and  wear  awav  a  dead 
body  is  actually  the  cause  of  the  thickening  of  a  living — the 
skin  of  a  labourer's  hand  being  thickeneil  by  his  labour ;  the 
explanation  ia  not  that  Life,  an  extra-organic  agent,  "  resists 
mechanical  friction  " — for  the  mechanical  effect  is  not  resisted 
(the  skin  is  rubbed  off  the  rower's  hand  sooner  than  the  wood 
is  rubbed  off  the  oar) — ^but  that  Life,  t.f.,  organic  activity, 
repairs  the  waste  of  tissue. 

17.  ^gain,  although  many  of  the  physical  and  chemical 
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a  which  invariably  take  place  tinder  the  influences  to 
whdi  the  substances  are  sulijucted  out  of  the  organiam,  will 
But  take  {ilacv  ut  all,  or  will  take  place  in  different  degrees, 
vIkq  lita  8ul»iAnces  are  in  the  organism,  this  is  important  as 
ID  v/aincut  against  the  tiotiun  of  vital  phenomena,  being 
deduoihle  from  physical  and  eliemical  laws,  but  is  valueless 
M  eviilenoe  in  favour  of  an  extra-organic  agi-nt.  Let  us  glance 
u  one  or  two  striking  examples. 

IR  No  expuriiiii.'utal  inquirer  can  have  failed  to  obsenx 

til*  ollon  conlradictoiy  results  wliich  seemingly  uuimporlant 

vuutioBt  in  the  conditions  bring  about ;   no  one  can  have 

f*iU  (0  ulserve  what  are  called  chemical  afliuitiea  wholly  frua- 

inted  by  vital  conditions.   Even  the  ordinary  laws  of  Diffusion 

i»  not  always  followed  in  the  organism.     The  Amoeba,  though 

-^millai*),  n.'sists  dilTu.iion  when  olive;   but  when  it  dies  it 

"reJb  oDd  bursts  by  osmosis.     The  exchange  of  gases  does  not 

^  pboe  in  tlie  tissues,  precisely  as  in  our  retorts.   The  liviwj 

isiudo  Kflpires,  that  is,  takes  up  oxygen  and  gives  out  car- 

lunio  acid,  not  on  the  principle  of  simple  diffusion,  but  by  two 

H-ponUe  physiological  processes.     The  carbonic  acid  is  given 

>«!,  cTBD  whim  there  is  no  oxygen  whatever  present  in  the 

■tnu^iluirc,  and  its  place  may  then  be  supplied  by  hydrogen; 

mi  tbis  physiological  process  is  so  dlQ'crent  from  the  physical 

praaa  which  goes  on  tn  the  dead  muscle  (tlie  result  of 

putrafactioo),  that  it  has  been  proved   by  Kanke  to  go  on 

vhui   Uh!    Icmiierature   is   so  low  that   all  putrefaction   is 

imted.     The  same  exiierimenter  finds  *  that  whenijis  living 

nemt  wQI  take  up,  by  imbibition,  lo  per  cent,  of  potasli  salts, 

it  will  not  take  up  i  ]ier  cent,  of  soda  salts,  presented  in  etpial 

cDBcentntion ;   and  he  points  to  the  general  fact  that  the 

•kKcpClun  of  inorganic  Bul>3tjuices  does  not  take  place  accurd- 

B^f  lo  the  simple  laws  of  diffusion,  but  tliat  living  tissues 

!  qiedal  lows,  the  nerve,  for  instance,  Iiaving  a  greater 

f  Tor  Dfiitral  potash  salts  than  for  neutral  soda  salti. 

^  ne  add.  by  way  of  anticipating  the  probable  ai^unieut 

F_Biyo  this  in  favour  of  Vital  Principle  whicli  is 

Bit«d  witli  the  prescience  of  6nal  causes,  tlwt  so  far 

:  Dk  LtUnttwUngwigtn  dtr  Xtnti^  1S68,  |>.  80. 
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from  this  "  elective  affinity  *'  of  the  tissues  being  intelligent 
and  always  favourable,  Sanke's  experiments  unequivocally 
show  that  it  is  more  active  towards  destructive,  poisonoua 
substances,  than  towards  the  reparative,  alimentary  sub- 
stances. Which  is  indeed  consistent  with  the  familial 
experience  that  poisons  are  more  readily  absorbed  than 
foods,  when  both  are  brought  to  the  tissues.  Thus  it  is  well 
known  that  of  all  the  salts  the  sulphate  of  copper  is  that 
which  plants  most  readily  absorb — and  it  kills  them.  The 
special  affinities  disappear  as  the  vitality  disappears,  and 
dying  plants  absorb  all  salts  equally. 

19.  The  more  the  organism  is  studied,  the  more  evident  it 
will  become  that  the  simple  laws  of  diffusion,  as  presented 
in  anorganisms  rarely  if  ever  take  effect  in  tissues;  in 
other  words,  what  is  called  Imbibition  in  Physics  is  the  some- 
what different  process  of  Absorption  in  Physiology.  The 
difference  is  notable  in  this  capital  fact  that  whereas  the 
physical  diffusion  of  liquids  and  gases  is  determined  by 
differences  of  density,  the  physiological  absorption  of  liquids 
and  gases  is  determined  by  the  molecular  organisation  of  the 
tissue,  which  is  perfectly  indifferent  to,  and  resists  the 
entrance  of,  all  substances  incapable  of  entering  into  organic 
combination  either  as  aliment  or  poison.  A  curious  example 
of  the  indifference  of  organised  substances  to  some  external 
influences  and  their  reaction  upon  others  is  the  impossibility 
of  provoking  ciliary  movement  in  an  epithelial  cell,  during 
repose,  by  any  electrical,  mechanical,  or  chemical  stimuli 
except  potash  and  soda.  Virchow  discovered  that  a  minute 
quantity  of  either  of  these,  added  to  the  water  in  which  the 
cell  floated,  at  once  called  forth  the  ciliary  movements. 

20.  The  true  meaningof  the  resistance  of  Vitality  to  ordinary 
chemical  affinity  is  that  the  conditions  involved  in  the  pheno- 
mena of  Vitality  are  not  the  conditions  involved  in  the 
phenomena  of  Chemistry,  in  other  words,  that  in  the  living 

♦  "  II  n*y  a  peut  6tre  pas  iin  seul  ph^nomijne  chunique  dans  Porgaaisme 
qui  86  fasse  par  les  precedes  de  la  chiniie  de  laboratoire ;  en  particulier 
il  n*y  a  peut  etre  pas  une  oxydation  qui  s'accomplisse  par  fixation 
directe  d'oxyg^ne.'' — Claude  Bsrnard. 
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the  substances  are  placed  under  conditions 
tJiose  iu  which  we  observe  theae  Bubatances 
ohemical  affinitiea  are  displayed  in  anorganisniB. 
iMd  not  go  beyond  tbe  laboratory  to  see  abuudiint 
Bumples  of  this  so-cilled  resisteneo  to  chemical  aflinity, 
*beo  tlie  cutidilious  are  altered.  The  decomposition  of  car- 
IwbUq  by  tartaric  acid  is  a  diemical  process  which  is  wholly 
MMtal  if  alcohol  instead  of  water  be  the  solvent  employed. 
TW  aaiuo  of  sulphur  with  lead  is  said  to  be  due  to  the  affinity 
M&Kme  for  the  other;  but  no  one  supposes  this  affinity  to 
tatspomive  of  cnudi  lions,  or  that  the  union  will  take  place 
toy  one  of  tliesc  conditions  is  absent  If  we  fuse  a 
iimd  of  Iea<I  and  iron  in  a  crucible  containing  sulphur, 
««  fiiid  it  is  the  iron,  and  m^t  the  lead,  which  unites  with  the 
■ulpbur;  j-^t  wo  do  not  conclude  that  there  is  a  LYucible 
hitidpiG  which  frustrates  chemical  affinity,  and  resists  the 
of  sulphur  and  loail;  we  simply  conclude  that  the 
of  the  iron  ia  a  condition  which  prevents  the  com- 
m  of  tlie  sulphur  with  the  lead :  not  until  all  the 
|!pn  W  taken  op  its  definite  proportion  of  sulphur  will  the 
^J  of  the  lead  come  into  play.  This  is  but  unuthcr 
of  tlie  law  that  ejects  are  jtrocessUmi  of  their  causa, 
o(  Uio  contlitious  of  their  existence.  If  the  tire 
hole  lo  llio  t«R-kettle  so  Ion;;  as  tliere  is  water  to 
the  beat  away,  this  is  not  due  to  any  principle  more 
'^Mbuiiis  than  the  presence  of  a  readily-conducting  water." 

*  fk.  Uamiks,  In  hii  tMay  On  Iht  lUlatian  oj  ThtrapctUiei  to  Htdiei'M, 
'■^■ilL  J,  ^*ei  •  rFmarkmlJe  Uliutnition  i>(  what  innj'  !«  culled  iho 


"■*Kfa«  of  chiioic*!  ftlBitiiy  effucle^  by  iiii'ibanictl  condition*. 
"^^  e»Iico  c«u  b«  ]<riiit«d  trery  loose  purliclo  of  cotton  miut  be 
"•""J  frum  th«  turfae*  in  ontcr  ibat  tha  coloured  inki  tat.j  not  run. 
'^(tuuralia  Effectnl  by  pBMiiig  the  cnllco  ovvr  uiil  in  contict  with 
■HLit  itnn  crliuiicr,  and,  by  mrftiilKtiu;,*  the  npidity  iritli  which  the 
"htti,!  !,n,Ivc.^  ilip  inicim.  liPBt  Immi  off  the  loose  Ghru,  yot  doe» 
■"-■•] -;^  I.,  :l.ff  wui.  n  clnth.  In  ollior  wofUs,  the  chwigw  in  the  wla- 
^"^  ■[  '.ill  \t\Ju  1,  iiijHraHifo  and  the  cultuo  nni  loo  rajiid  to  tulmil  of 
l"»  firm  [«iij|.iiiiii^'  •itli  thu  oiyjjen.  Let  the  mt*  of  rtvoliilion  b« 
^l**^  l«t  rery  litUe  uid  the  i:alico  vonld  hnr»l  into  finiio'*."  Any 
"■•  aha  Inu  cnullni  *  candln  with  hE«  flngen  will  uiidentnnd  llu*.  Dr. 
IuUm  (dfther  UiUDcei  cclt*iu  [tdmSuatct  which  cud  L«  detnoaiod  in 
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21.  In  accordance  with  the  law  of  Causation  just  men- 
tioned, which  has  been  expounded  in  detail  in  our  First 
Series  (vol.  ii  p.  388),  the  special  combinations  of  Matter 
in  organisms  must  present  special  phenomena.  Therefore 
since  the  province  of  Biology  is  that  of  explaining  oi^ganic 
phenomena  by  means  of  their  organic  conditions,  it  must  1x5 
radically  distinguished  from  the  provinces  of  Physics  and 
Chemistry,  which  treat  not  of  organised  but  of  inorganic 
matter.  It  is  idle,  it  is  worse,  for  it  is  misleading,  to  personify 
the  organic  conditions,  known  and  inferred,  in  a  Vital  Prin- 
ciple ;  idle,  because  we  might  with  equal  propriety  personify 
the  conditions  of  crystallisation  in  a  Crystal  Principle ;  mis- 
leading, because  the  artifice  is  quickly  dropped  out  of  sight,  and 
the  abstract  term  then  becomes  accepted  as  an  entity,  supposed 
to  create  or  rule  the  plienomena  it  was  invented  to  express. 

22.  Inquirers  are  but  too  apt  to  misconceive  the  value  of 
Analysis,  which  is  an  artifice  of  Metliod  indispensable  to 
research,  though  needing  the  complementary  rectification  by 
Synthesis  before  a  real  explanation  can  be  reached.  Analysis 
decomposes  the  actual  fact  into  ideal  factors,  separates  the 
group  into  its  components,  and  considers  each  of  these  not 
as  it  exists  in  the  group,  in  the  reality,  but  as  it  exists  when 
theoretically  detached  from  the  others.  The  oxygen  and 
hydrogen  into  which  water  is  decomposed  did  not  exist  as 
these  gases  in  the  water;  the  albumen  and  phosphate  we 
extract  from  a  nerve  did  not  exist  as  isolated  albumen  and 
phosphate  in  the  nerve,  they  were  molecularly  combined. 
In  like  manner  the  physical  and  chemical  processes  which 
may  analytically  be  inferred  in  vital  processes  do  not  really 
t  ake  place  in  the  same  way  as  out  of  the  organism.  The  real  pro- 
cess is  always  a  vital  process,  and  must  be  explained  by  the 
synthesis  of  all  the  co-operant  conditions.   The  laws  of  Physics 

contact  with  gun-cotton  without  causing  it  to  explode — the  extreme 
rapidity  with  wliich  tlie  fuhniiiates  expand  is  too  great  to  enable  the 
gun-cotton  to  adjust  its  movements  to  this  new  motion.  Precisely  the 
same  kind  of  thing  occurs  in  organised  matter.  If  tlie  rate  of  its 
changes  be  reduced  below  a  certain  point  the  ordinary  chemical  affinities 
will  a.>sert  themselves. 
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and  Chemistry  formulate  abstract  expressions  of  phenomena, 
wherever  and  whenever  these  appear,  without  reference  to 
the  modes  of  production  ;  and  in  tkis  sense  the  movement  of 
a  limb  is  no  less  a  case  of  Dynamics  than  the  movement  of 
a  pulley — the  decomposition  of  a  tissue  is  a  case  of  Chemistry 
no  less  than  the  decomposition  of  a  carbonate ;  the  electro- 
motor phenomena  observed  in  muscle  are  as  purely  physical 
a3  those  obser>'ed  in  a  telegraph.  But  when  a  biologist  has 
to  explain  the  movements  of  the  limbs,  or  the  decom]:)ositions 
of  tissues,  he  has  to  deal  with  the  phenomena  and  their  modes 
of  production,  he  has  a  particular  group  before  him,  and 
must  leave  out  nothing  that  is  characteristic  of  it.  The 
movements  of  the  pulley  do  not  depend  on  Contractility 
and  Sensibility,  which  in  turn  depend  on  Nutrition.  The 
decomposition  of  the  carbonate  does  not  depend  on  condi- 
tions resembling  those  of  a  living  tissue.  Yaucanson's  duck 
was  surprisingly  like  a  living  duck  in  many  of  its  move- 
ments ;  but  in  none  of  its  actions  was  there  any  i-eal  sinii- 
laritv  to  the  actions  of  a  bird,  because  the  machine  was 
unlike  an  organism  in  action.  The  antithesis  of  mechanism 
and  organism  will  be  treated  of  in  §  78. 

23.  We  conclude,  then,  that  defining  physical  phenomena 
as  the  movements  wliich  take  place  wUhifut  change  of 
structun*.  an<l  chemical  phenomena  as  the  movements  u^ith 
change  of  structure,  although  both  classes  may  be  said  to 
take  place  in  the  organism,  and  to  be  tlie  primary  conditions 
on  which  organic  phenomena  dejK^nd.  they  do  not  embrace 
the  whole  of  the  conditions,  nor  are  the  sciences  which  for 
mulate  them  ca]»able  of  ft»rmulating  either  the  special  pheno- 
mena characteristic  of  organisms  or  their  s{>ecial  mo<Ies  of 
production.  The  biologist  will  employ  chemical  and  phy- 
sical analysis  as  an  essential  part  of  his  metho<l ;  but  he 
will  always  rectify  what  is  artificial  in  this  procedure,  by 
subordinating  the  laws  of  Physics  and  Chemistry  to  the  laws 
of  r»iuln;;v  revealfd  in  the  svnthetic  ol«ervation  of  the  ta-^'anism 
iis  a  whole.  Tlie  rectification,  here  insisted  on,  will  l»e  rec«>g- 
ni^nl  as  i»eculiarly  urgent  in  Tsychology,  which  has  greatly 
sutfervd  from  the  mi.sdia»ction  of  Analvsis. 
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24.  No  one  will  misunderstand  this  specialisation  of 
Biology  to  mean  a  separation  of  Life  from  the  series  of 
objective  phenomena,  and  the  introduction  of  a  new  entity ; 
the  specialisation  points  to  a  Mode  of  Existence.  All 
classifications  are  artifices,  but  they  have  their  objective 
grounds ;  the  ground  of  difference  on  which  Biology  is  sepa- 
rated from  Chemistry  and  Physics,  though  all  three  may  be 
merged  in  a  common  identity,  is  such  as  to  justify  the  term 
radical.  A  vital  process  is  no  more  to  be  considered  physico- 
chemical,  because  physico-chemical  conditions  are  presupposed 
in  it,  than  a  feeling  is  to  be  considered  a  nutritive  process, 
because  Nutrition  is  presupposed  in  all  Feeling.  Organic 
substances  have  been  made  by  chemists,  and  inorganic  "  cells  " 
have  also  been  made;  but  these  substances  were  not  organised, 
these  "  cells  "  would  not  live.  The  germ-cell  is  the  workshop 
of  generation,  the  secreting-cell  the  workshop  of  secretion, 
the  muscle-cell  the  workshop  of  contraction.  What  is 
required  over  and  above  organic  substances  and  cell-forms, 
is  that  special  state  called  organisation.     See  §  49. 

Those  who  contemplate  the  manifestations  without  also 
taking  into  account  their  modes  of  production  may  see 
nothing  but  physico-chemical  facts  in  vital  facts.  It  is  by 
a  similar  limitation  of  the  point  of  view  that  Vitality  is  often 
confounded  with  Movement,  and  portions  of  organic  matter 
are  said  to  live,  simply  on  the  evidence  of  their  movements.* 

*  I  am  often  reminded  of  the  surprising  movements  of  particles  of 
carbonate  of  lime  in  water  which  my  friend  Professor  Prbteb  showed 
me  during  a  visit  to  Bonn.  He  had  removed  one  of  the  concretions, 
usually  found  in  connection  with  nerves  along  the  spine  of  old  frogs,  and 
crushed  it  in  water;  under  the  microscope  the  seeming  spontaneity  and 
variety  of  the  movements  of  the  particles  was  such  that  had  we  not 
known  their  origin  we  should  certainly  have  attributed  them  to  vitality : 
no  infusoria  could  have  moved  with  more  seeming  spontaneity.  It 
is  hardly  physiological  to  conclude  that  because  fragments  of  tissue 
manifest  amoebiform  movements  therefore  they  are  alive  (Strickbb  : 
art.  Die  Zelle  in  his  JIaiidlnich  der  Lehre  vo7i  den  Gewebefij  1868,  p.  7), 
or  that  the  heart  removed  from  the  body  is  alive  because  it  still  beats. 
LiKBKRKiJHN  :  CebtT  BeicegwigscTscJicinungen  der  Zdlen^  1870^  pp.  357- 
359,  cites  examples  of  such  movements  in  undeniably  dead  substances. 
For  Life,  we  demand  not  only  Movement,  but  Functional  Activity, 
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%  I'lOLotiv,  tlie  eciencQ  of  Life,  beinji  thus  assigued  its 
I'W  in  the  hierarchy  of  objective  laws,  we  iiuw  proceed  to 
coDiiili?  what  the  term  Life  gymliolisca. 

By  a  lar;^  preliminary  simplification,  Ufe  may  be  defined 

w  fi/  mwte  t^  erittniee  of  an   orijanism  in    rtlatioit  to    ii* 

"':"•••     To  render  this  of  any  value,  however,  a  clear  con- 

'.n  i-f  the  orgsitism  is  first  indispensable  ;  and  this  must 

■   [1  I 'li.'il  by  an  extuniuation  of  the  various  attempts  to 

V  finv  life  in  anticiitation  of  such  a  clear  conception. 

26.  Kvery  phenomenon,  or  group  of  phenomena,  may  be 
Ticval  under  two  aspects — the  statical,  which  considers  the 
niiiilitioos  (if  existence ;  and  the  dynamical,  which  considers 
Ui«H  conditioDH  in  their  resultant, — in  their  action.  The 
■istical  definition  of  Life  will  espress  the  connexus  of  the  pro- 
"'ftia  of  OTpuiiscd  substnnce,  all  those  coudilious,  of  mutter, 
no,  and  tvxture,  ati<l  of  ndation  to  external  forces,  on  which 
thii  ivganism  depend-t.  I'hese  various  conditions,  condensi^l 
into  s  ftiogle  symbol,  constitute  Vitality  or  Vital  Force,  and 
■n  boioe  taken  as  ttie  ('ause  of  vital  phenomena.  The 
drtMunJoal  definition  will  express  the  connexus  of  Functions 
and  Facoltin  of  thv  organium,  which  are  the  stJitical  propor- 
lia  of  air)^niscd  snbstancc  in  action,  under  definite  relations. 
It  U  ohviuos  that  the  t*rm  Ufe  must  vaiy  with  tlie  vaiy- 
H'i  "iL'tiiiicat*!*  it  condenses — every  variation  in  the  coni- 
|V-i.iiy  "f  the  opptanism  will  bring  a  corresponding  fulness  in 
■1-  <i;;nifi>'slioii  of  the  term.  The  lile  of  a  plant  is  less 
.niliciint  than  the  life  of  an  animal;  and  the  life  of  a 
cuoUaac  leas  than  that  of  a  fish.     Itut  uul  only  is  the  tena 
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one  of  varying  significance,  it  is  always  an  abstract  terra 
which  drops  out  of  sight  particular  concrete  differences, 
registering  only  the  universal  resemblances. 

27.  It  would  be  a  profitless  labour  to  search  out,  and 
a  wearisome  infliction  to  set  down,  the  various  definitions 
which  have  been  proposed  and  accepted ;  but  certain  char- 
acteristic examples  may  be  selected.  All  that  I  am 
acquainted  with  belong  to  two  classes :  i°  the  metaphj- 
siological  hypothesis  of  an  eaj^ra-organic  agent,  animating 
lifeless  matter  by  unknown  powers ;  2°  the  physiological 
hypothesis  which  seeks  the  cause  of  the  phenomena  (i.«.,  the 
conditions)  within  the  organism  itself — a  group  of  conditions 
akin  to  those  manifested  elsewhere,  but  differently  combined. 
The  first  hypotheses  are  known  under  the  names  of  Animism 
and  Vitalism — more  commonly  the  latter.  The  second  are 
known  as  Organ  icism  and  Materialism — but  the  latter  term 
only  applies  to  some  of  the  definitions, 

28.  Under  Vitalism  are  included  all  the  hypotheses  of  a 
soul,  a  spirit,  an  archa?us,  a  vital  principle,  a  vital  force,  a 
nisus  formatiw^y  a  plan  or  divine  idea,  which  have  from  time 
to  time  represented  the  metaphysical  stage  of  Biology.  The 
characteristic  of  that  stage  is  the  personification  of  a  mystery, 
accompanied  by  the  persuasion  that  to  name  a  mystery  is  to 
explain  it.  In  all  sciences  when  processes  are  imperfectly 
observed,  the  theory  of  the  processes  (which  is  a  systematic 
survey  of  the  available  evidence  marshalled  in  the  order  of 
causal  dependence)  is  supplemented  by  hypothesis,  which  fills 
up  with  a  guess  the  gap  left  by  observation.  The  difference 
between  the  metaphysical  and  the  positive  stages  of  a  science 
lies  in  the  kind  of  guess  thus  introduced  to  supplement  theory, 
and  the  degree  of  reliance  accorded  to  it.  I  have  more  than 
once  insisted  on  the  scientific  canon  that  "to  be  valid,  an 
explanation  must  be  expressed  in  terms  of  phenomena  already 
observed ; "  now  it  is  quite  clear  that  most  of  the  extra- 
organic  hypotheses  do  not  fulfil  this  condition ;  no  one  having 
ever  observed  a  spirit,  an  archseus,  or  a  vital  principle ;  but  only 
imagined  these  agents  to  explain  the  facts  observed.    As  an 
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ifJe  of  the  difference,  and  a  proof  that  the  value  of  an 
hyputhcsis  does  not  rest  on  tlie  fucility  with  which  it  con- 
ii«i»  ohiHTvationa.  and  seems  to  explain  them,  take  the  three 
liJTKiltiMitis  uf  animal  spirits,  nervous  fluid,  and  electricity,  by 
vliicb  neural  jirocesses  have  been  explained.  The  animal 
sj'irila  are  iina^uary ;  the  nervous  Hiiid  is  without  a  basis  in 
I'lw^rp-ation,  no  evidence  of  such  a  fluid  having  been 
:  ■:.-iif<l ;  but  i^lcctricity  (or.  speaking  rigorously,  the  move- 
ui'til*  cliu.^  as  electrical),  although  not  proved  to  be  the 
Jil'-tii  in  nt-ne-action,  is  proved  to  exist  in  nerves  as  elac- 
«)i^rp,  and  its  modes  of  operation  are  verifiable.  It,  there- 
i'.irr.  and  it  alone  of  the  three  hypotheses,  is  in  conformity 
■iih  thi"  scientific  canon.  It  may  not,  on  full  investigation, 
owt  nil  requirements;  it  may  be  rejected  as  imperfect;  but 
it  is  tbv  kind  uf  (^ess  which  scientitic  theoiy  demands. 

The  second  difference  noticeable  between  the  metaphysical 

sad  tlie  positive  stages,  is  the  degree  of  reliance  accorded  to 

lUiesifl ;  which  is  very  much  the  same  as  that  noticeable 

the   uncritical  and  critical   attitudes   of  untrained  and 

inlcllects.     The  one  accepts  a  guess  as  if  jt  were  a 

;  is  &isoinat«d  by  the  facility  of  linking  together  iso- 

iklmrvations,  imd,  relying  on  the  guess  as  truth,  proceeds 

dedaoe  conclusions  from  it ;  the  other  accepts  a  guess  as 

research,  trying  by  its  aid  to  come  upon  some 

'iTBtion  which  will  reveal  the  hidden  process ;  but  care- 

MJTer  to  allow  the  guess  to  mpersrde  obmvalion,  op  to 

a  tnsis  of  deductions  not  immediately  verified. 

29.    A   (:l:inc«  at  the   metaphysiological  definitions  will 

!-.-t«ct  both  the  kind  of  guess  and  the  kind  of  reliance  which 

{•nrvmilnL     The  inyslery  was  not  simply  recognised,  it  was 

pmNmiftcd  a*  an  entity :  Will  and  Intelligence  were  liberally 

•etnided  to  it,  for  it  was  supposed  to  shape  matter,  and  direct 

f-roe  into  preilestined  jiaths  by  presciitnce  of  a  distant  end. 

'lie  observed  facUi  of  the  egn  passing  thrungh  successive 

lumftes  into  n  complex  organism,  were  so  marvellous,  so 

nnliln  any  fact*  observable  in  the  inorgajiic  world,  that  they 

to  (Irmand  a  cause  drawn  from  higher  sources.     Tbe 

uf  life  obtruded  itself  at  every  turtL     It  was  named. 
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uiul  luou  fancieil  it  explained.  But  in  truth  no  mystery  is 
gt»t  rill  of  by  explanation,  however  valid ;  it  is  only  shifted 
furtlior  l^aok.  Explanation  is  the  resolution  of  a  complex 
phououu'uon  into  its  conditions  of  existence — ^the  product  is 
iHuhuHul  to  its  factors ;  the  explanation  is  final  when  this 
iHviohitiiai  has  been  so  complete  that  a  reconstruction  of  the 
prmhict  i»  in^ssible  from  the  factors.  The  vast  majority  of 
oxpliuiutionH — t^specially  in  the  organic  region — ^are  no  more 
UiHU  what  mathematicians  call  "a  first  approximation."  It 
it*  tluxnigh  8UiHV9sive  approximations  that  science  advances; 
but  »»vou  whou  the  final  stage  is  reached  a  mystery  remains. 
\\\>  luuY  ktuAv  that  certain  elements  combine  in  certain  pro- 
|iorti\»nH  to  imHluoe  certain  substances;  but  why  they  pro- 
\\\\\^\  [\\K'^x\  atul  not  different  substances,  is  no  clearer  than 
why  hOiHoKvH  innitract  or  organisms  die.  This  Why  is,  how- 
o\or,  uu  idio  tpiostion.  That  alone  which  truly  concerns  us 
14  llio  llow,  and  not  the  Why. 

atX  UioK^v  is  still  a  long  way  off  the  How.  But  it  can 
\m\tii  uf  luanv  ai^proximations ;  and  its  theories  are  to  be 
loalml  bv  tho  dognn^  of  approximation  they  effect  In  this 
ll^lil-  Iho  phvaiologioiU,  i«/ra-oTganie,  hypotheses  manifestly 
hiiNn  I  bo  udvautago.  Many  of  them  are  indeed  very  unac- 
ropUblo;  thoy  aiv  gtndeil  by  a  mistaken  conception  of  the 
U\{\\\ii  vouohod  bv  Analysis,  For  when  men  first  began  to 
iliraiiUil  tho  i^\tra-o!>i:anie  hypotheses,  and  to  look  into  the 
uii'iuu^ui  itsoU,  they  were  so  much  impressed  by  the 
uiiu  liuuii-al  fuots  olxserveil  that  they  endeavoured  to  reduce 
all  llii»  i»houomeua  to  Mei^hanics.  The  circulation  became 
oUui»l,v  a  ^ut^tiou  of  hydraulics.  Digestion  was  explained 
iix  lutuiutiou.  The  ohomists  then  appeared,  and  their  shib- 
l.uloili:i  woiv  ** alUuilit'kS "  and  "oxidations."  With  Bichat 
mu«o  llio  uuiUvunical  sohinJ,  which  decomposing  the  organism 
iui«i  oij^uus,  tho  oi>;aus  into  tissues,  and  these  tissues  into 
ilnu  1  Irtuouts,  SiUtght  the  analytical  conditions  of  existence 
n|  ilir  lu^iiuUm  iu  the  proj^erties  of  these  tissues,  and  the 
iun>  n*'iri  v>l  iKtv^o  iu^aua,  Tho  extra-organic  agent  was  thus 
\\nM\   •Iti'W  u  u^  W  uot  v^nly  a  fiction,  but  a  needless  fiction. 

\''\y'i\  ^aUidcut  vd'  tho  history  of  the  science  will  note  how 
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I  bum  the  vety  necessities  of  the  case  tbo  metaphysiologists, 
I  wiihoui  relinquialiiiig  tbeir  Vital  Principle,  have  been  led 
mure  and  moro  to  enter  oft  tlie  track  of  the  physiologists, 
p»muing  their  researches  more  and  more  into  the  processes 
gUDg  un  ill  the  organism,  and   assigning  more  and   more 
ewutl  efficiency  to  these,  with  n  corresponding  restriction 
of  the  province  of  their  extra-organic  cause.     Hence  in  the 
tukx  of  the  ^italists  have  been  found  some  of  the  very  best 
"leenere  and  theoriata;  but  they  were  such  in  despite  of, 
tnd  not  in  consequence  of,  their  hypothesis,  which  was  only 
iutoteti  by  them  when  evidence  was  at  fault.     Nor,  unscien- 
tific as  vitalism  is,  can  we  deny  that   it  lias  heeu  so  far 
lervioeaUe  to  the  science,  that  it  has  corrected  the  materialist 
sTTor  of    endeavouring  to   explain   organic   phenomena   by 
jibysioo-chemical  laws  j  and  has  persistently  kept  in  view  the 
^Lflidical  difiereuce  between  organic  and  inorganic. 
^P    31.  These  remarks  may  justify  a  selection  of  definitions, 
B^tbaBiGed  under  the  two  heads.    The  selection  is  fitly  opened 
ty  the  Aristoteliiin  definition  which  prevailed  for  centuries. 

Aristotle  distinguishes  Life,  which  he  says  means  "the 
ficultius  of  self-nourishment,  self-development,  and  self- 
decay."  from  the  Vital  Principle.  Every  natural  body  mani- 
fesUn)^  life  may  be  regarded  as  an  essential  existence  (owrta) ; 
bat  Men  it  is  an  aistenct  only  as  a  synthesis  (ox  avvdirrj) ; 
tod  aince  an  oi'ganism  is  such  a  synthesis,  being  possessed  of 
Life,  it  cannot  be  the  Vital  Principle  (V'wx^)-  Therefore  it 
foUovs  that  tlio  V^ital  Principle  must  !)«  an  essence,  as  being 
Uh!  Fona  of  a  natural  body  holding  life  in  polmlialilff.  The 
Vit«l  Principle  is  the  primary  reality  of  an  organism.  "  It 
H  tbcivfore  as  idle  to  ask  whether  the  Vital  Principle  and 
Oiguiifiui  ore  one,  aa  whether  tlie  wax  and  the  impress  on  it 
■K  one.  .  .  .  Thus  if  an  eye  were  an  animal.  Vision  would 
be  ita  Vital  I*rincipl() :  tor  Vision  is,  abstractedly  considered, 
the  Msenot  of  tJie  eye ;  but  the  eye  is  the  body  of  Vision, 
uid  if  ViiioQ  be  wonting,  Hum,  save  in  name,  it  is  no  longer 
aa  eye" 

A}«rt  from  certain  metaphysical  implications,  inevitable 
K  ifaU  period,  there  is  profound  insight  in  tliis  passi4;e.    His 
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adversary    Telesio   quite    misconceives   the    meaning    here 
assigned  to  the  Vital  Principle  * 

32.  Let  us  pass  over  all  the  intermediate  forms  of  the 
hypothesis,  and  descend  to  Kant,  who  defines  life  "  an  inter- 
nal principle  of  action  "  (this  does  not  distinguish  it  from 
fermentation) ;  an  organism  he  says  is  "  that  in  which  every 
part  is  at  once  means  and  end."  "  Each  part  of  the  living 
body  has  its  cause  of  existence  in  the  whole  organism; 
whereas  in  non-living  bodies  each  part  has  its  cause  in  itself" 
Johannes  Miiller  adopts  a  similar  view :  "  The  harmonious 
action  of  the  essential  parts  of  the  individual  subsist  only  by 
the  influence  of  a  force,  the  operation  of  which  is  extended 
to  all  parts  of  the  body,  and  does  not  depend  on  any  single 
parts ;  this  force  mtist  exist  before  the  parts,  which  are  in  fact 
formed  by  it  during  the  development  of  the  embryo.  .  .  . 
The  vital  force  inherent  in  them  generates  from  tlie  organic 
matter  the  essential  organs  which  constitute  the  whole  being. 
This  rational  creative  force  is  exerted  in  every  animal  strictly 
in  accordance  with  what  the  nature  of  each  requires." 

33.  This  is  decidedly  inferior  to  Aristotle,  who  did  not 
confound  the  vegetative  with  the  rational  principle.  It  rests 
on  the  old  metaphysical  error  oi  a,  vis  medicairix,  an  error 
which  cannot  sustain  itself  against  the  striking  facts  which 
constantly  point  to  b,  vis  destructrix,  a  destructive  tendency 
quite  as  inexorable  as  the  curative  tendency.  And  the 
experimental  biologist  soon  becomes  impressed  with  the  fact 
that  the  tissues  have  indeed  a  selective  action,  by  which  from 
out  the  nutrient  material  only  these  substances  are  assimilated 
which  will  enter  into  combination  with  them ;  but  this 
selective  action  is  fatal,  no  less  than  reparative :  substances 
wliich  poison  the  tissue  are  taken  up  as  readily  as  those 
which  nourish  it.  The  idea  of  prescience,  therefore,  cannot 
be  sustained ;  it  is  indeed  seldom  met  with  now  in  the 
writings  of  any  but  the  Montpellier  school,  who  continue  the 

*  Telesius  :  De  datura  Reruniy  1586,  v.  184.  Telesio  might  have 
been  saved  from  tlie  mistake  had  he  attended  to  what  Kiphus  had  said 
on  the  point  in  his  Expodtio  subtilimma,  1559,  p.  245.  Comp.  also 
Philelphus  :  Ejnf't.  Familiarum,  1502,  p.  253,  verso. 
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tniiiions  of  Stahl'a  teaching.  It  has  lieen  bo  long  exploded 
'  tWwherethat  one  is  surprised  to  find  an  English  physiologist 
I  (lioEiBg  to  a  modification  of  it — I  nman  Dr.  Lionel  Beale, 
»h{i  repeeteilly  insists  on  Life  aa  "  a.  peculiar  Force,  tempora' 
'  nifj  auoriated  with  matter,"  a  "  power  capable  of  controlling 
d  directing  both  matter  and  force,"  an  "  undiscm-ered  form 
I  of  fiffiM  having  no  coniuction  vnth  primary  energy  or  motion." 
I  'Tie  higher  phenomena  of  the  nervoua  system  are  probably 
iluf  priinarilr  to  the  movements  of  the  germinal  matter  due 
I  vital  power,  which  vital  power  of  this  the  highest  form  of 
(Trminal  mutter  is  in  fact  the  living  /." 

34-  Apart  from  the  primary  objection  to  all  these  defini- 
imty,  namely,  that  they  seek  to  express  organic  phenomena  in 
iTn..-  if  an  extra-organic  principle,  to  forrauUte  the  facts 
'^<frr^(/  in  terms  of  a  cause  in/erred,  there  is  the  fatal  objec- 
UuD  that  thoy  speak  conlidently  on  what  is  avowedly 
voknuvm.  If  the  force  be,  as  Dr.  lieale  says,  "undiscovered," 
on  what  grviuuds  can  he  assert  that  it  has  no  connection  with 
the  fon:i!A  which  are  known  ?  All  that  the  observed  facts 
warrant  is  the  assertion  that  organic  phenomena  are  special 
(which  no  one  denies),  and  must  tlierefore  de^iend  on  special 
combinations  of  matter  and  force.  But  on  this  ground  we 
Bight  auumc  n  cr}-stallising  Force,  and  a  coagulating  Force. 
kaving  no  coanection  with  the  molecular  forces  manifested 
claewbere:  th«sc  also  are  special  phenomena,  not  to  be 
confouDdert  with  each  other. 

36.  Rebelling  defines  Life  as  "a  principle  of  individuation" 
tnd  a  "  cycle  of  successive  changes  determined  and  fixed  by 
iliia  internal  principle,"  ^"hich  is  so  vague  that  it  may  he 
Applied  in  very  difTcrent  senses.  Bichat's  celebrated  dcftui' 
linn  (wliicli  is  only  a  paraphrase  of  a  sentence  in  Stalil), 
"  tlw  ■am  of  the  functions  which  resist  Death,"  although  au 
«ndeavoitr  to  express  the  facts  from  the  1  iitra-organic  point 
of  view,  ia  not  only  vague,  but  misrepresents  one  of  tho 
canlinal  conditions,  by  treating  the  External  Medium  aa 
)tic  to  Life,  whereas  Life  is  only  possilde  in  the 
3  to  a  Medinm. 
,  Wct*  it  not  flo  vagne,  the  definiUon  proposed  by 
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Dug&s  and  B^clard  would  be  unexceptionable:  the  former 
Hays  it  is  "the  special  activity  of  organised  beings;"  the 
latter,  "t)io  sum  of  the  phenomena  proper  to  organised 
IhmUos."  When  supplemented  by  a  description  of  organised 
bodios,  those  formulse  are  compendious  and  exact.  The 
Hium*  roninrk  applies  to  the  definition  of  Lamarck:  "that 
HtiiU)  o(  things  which  permits  organic  movements;  and 
tlumo  movements,  which  constitute  active  life,  result  from 
H  HtiinuluR  which  excites  them." 

37.  I>o  Blainville,  and  after  him  Comte  and  Charles 
Itoliiu.dotino  it  thus:  "Life  is  the  twofold  internal  movement 
(if  ooinpo8ition  and  decomposition  at  once  general  and  con- 
tliiuoun/*  This,  excellent  as  regards  what  is  called  vegetal 
llfo.  in  vory  jm^perly  objected  to  by  Mr.  Herbert  Spencer  in 
ihut  it  oxohulos  those  nervous  and  muscular  functions 
\\\\M\  art)  the  most  conspicuous  and  distinctive  of  vital 
|ihon(unoiui.  The  same  objection  must  be  urged  against 
ProlimHtir  Owen's  definition:  "Life  is  a  centre  of  intussus- 
pn|ittvo  aaainulative  force  capable  of  reproduction  by  spon- 
Ihiumiuh  tUaion." 

aU,  In  1853.  after  reviewing  the  various  attempts  to  ex- 
\m^Hti  in  a  noutence  what  a  volume  could  only  approximately 
n^luiuuil,  I  pri^posed  the  following:  "Life  is  a  series  of 
ilutthito  luul  aurcossive  changes,  both  of  structure  and  com- 
jHihitiiiu,  Nvhirh  take  place  within  an  individual  without 
i|imlii»\i«iW  its  identity."  This  has  been  criticised  by  Mr. 
Ilttiliitit  S^ioiioor  and  by  Dr.  Lionel  Beale,  and  if  I  had  not 
^\illnlm\vu  it  K^fore  their  criticisms  appeared,  I  should  cer- 
tiiiul.v  huvo  modifitxl  and  enlarged  it  afterwards.  I  mention 
U.  liii\Nuvoi\  l>ei*auso  it  is  an  approach  to  a  more  satisfactory 
luiuiulu  in  an  far  as  it  specifies  two  cardinal  characteristics 
lll^liu^ui^hiug  organisms  from  all  anorganisms,  namely,  the 
nn  iu^auut  ovoUuiim  through  definite  stages,  and  the  preserva- 
Muu  tit  biHU'itio  integrity  throughout  the  changes;  not  only 
\\\\'.  uii;.uus»in  US  a  whole  is  preser\"eil  amidst  incessant  mole- 
t  mI«m  i  luiu^o,  \>nl  eaoh  tis^suo  lives  only  so  long  as  the  reci- 
•pn  .il  iuv»Uu-nluv  iomjxxaiiion  and  deoomposition  persist  On 
mill  (i|  iliuau  (Kuuts  1  sliall  have  to  speak  hereafter.    The 
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i  IB  not  only  defeclivo  in  ita  restriction  to 
B  of  Kutrition,  taking  no  account  of  the 
ft  of  the  organism ;  but  defective  also 
n  fnag  no  expreBfiion  to  eijually  important  relations  of 
tlw  organism  to  the  medium. 
I  39.  This  last  point  is  distinctly  expressed  in  Mr.  Spencer's 

> definition :  "  Life  is  the  continuous  adjustment  of  internal 
wUtiuas  to  external  relations."  Cousiderud  aa  a  formula  of 
tbe  HHMt  genoT&l  sigtiificance,  embracing  therefore  what  is 
pDnuBOn  to  nil  orders  uf  vital  phenomena,  this  is  the  best 
fit  pmposcd.*  If  I  propose  another  it  will  not  be  to  dis- 
jUn  but  to  run  alongside  with  Mr.  Spencer's ;  and  this  only 
for  more  ready  convenience.  Before  doing  so  I  must  say  a 
fe»  words  by  way  of  clearing  the  ground. 

40.  What  does  the  term  Life  stand  for  ?  What  are  the 
Omcreh;  significates  of  this  abstract  symbol  ?  As  before 
Bated,  it  is  sometimes  a  compendious  shorthand  for  the 
*p6cia]  phenomena  distinguishing  living  from  non-living 
Mies ;  and  sometimes  it  expresses  not  these  observed 
[»lieDoaiena,  but  their  conditions  of  existence,  which  are  by 
one  school  personitied  in  an  abstract  and  extra-organic  cause. 
Thni  ibfi  life  of  an  animal,  a  man,  or  a  nation,  means — 1°, 
tl»  apecial  manifestations  of  these  organisms,  and  groups  of 
agatuiins  ;  or  2",  the  causes  which  produce  these  manifcsta- 
Uona.  Wu  are  oftvn  misunderstood  by  others,  and  sometimes 
ngue  tn  ourselves,  when  we  do  not  bear  these  two  different 
mnaiogs  in  view.  It  was  probably  some  sense  of  this  which 
OumIc  Aristotle  distinguish  Vitality  from  Life,  as  that  of  the 
OOe  onifonu  cause  separated  from  itt  multiple  effects ;  it  was 
csUinly  the  motive  of  Fletcher,  who  thus  expressly  limits 
tb*  mMninga :  "  Vitality  or  Irritability,  the  property  which 

*  Tli«  satboriUu  jiwt  ciU^J  qk  AnisTurut:  Ik  Anima.  lib.  ii.  e.  i. 
HAn.  Krilik  dtr  Urlh^ittira/l.  Ud t.LtLii :  Phynology.  Ukalk:  Btoplam, 
tai  tntrttdiKtum  l»  Todd  and  Sovman't  AiuUom}/.  ScnsLLiKO  :  Enlrr 
£i>J)na/,aa>l  Tnnuet^tdenL  Jdatliimiu.  Bii:»at  :  lUtlterehnturlaVit  it 
U  Mart.  StahL  :  Thtorm  V<ra  Medico,  Dcoktt ;  PKgtiiiUigit  Ciiaiiari<, 
tUojuan  Jmilumit  GfntraU.  Lavarck  1  Pkilotophit  Zixlogupiit. 
Vtmrx:  Oxtnrf*  t^UfjAie  Potilm.  Owk.i's  ffunterian  Xtcturu,  1854. 
irSrmaui:  Pnneipla  of  SiaUgf. 
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characterises  organised  beings  of  being  acted  on  by 
powers  otherwise  than  either  strictly  mechanically  or  stric 
cheniically ;  Life,  the  sum  of  the  actions  of  organised 
roflulting  directly  from  their  Wtality  so  acted  on."  * 

Vitality  and  Life  being  thus  discriminated  as  the  stati* 
and  the  dynamical  aspects  of  the  organism,  we  find  in  re' 
tion  to  the  former  two  radically  opposed  conceptions:   fcJ^^ 
motaphysiological    or  extra-organic,  and  the  physiologic^'^ 
or  iiitru-or^mic.     The  first  conceives  Vitality  to  be  a  Vito-^ 
rriniuplis  or  extra-organic  agent,  sometimes  a  soul,  spirit^ 
an^hiruH,  idoa,  and  sometimes  a  force,  which  easily  becomes 
tniUHlutod  into  a  property. 

Thu  couooption  of  an  entity  must  be  rejected,  because  it 
is  niott'U)])irieal  and  unveritiable,  §  34.  The  conception  of 
a  foioo  must  l>e  rejected,  because  it  is  irreconcilable  with 
any  dolluito  idea  we  have  of  force.  What  the  term  Force 
Hi^'uitlcvs  in  Physics  and  Chemistry,  namely,  mass  animated 
by  voloi*ity,  or  directed  pressure^  which  is  the  activity  of  the 
agi^nt, — is  i>reeisely  that  which  these  \'italists  pertinaciously 
oxelude.  They  assume  a  force  which  has  nothing  in  common 
with  mass  and  velocity :  wliieh  is  no^  a  resultant,  but  a  prin- 
cijile ;  which  instead  of  being  a  directed  quantity,  is  itself 
autoui^mous  and  directive,  shaping  matter  into  organisation, 
anil  endowing  it  with  powers  not  assignable  to  matter.  If 
this  vital  force  has  any  mass  at  its  back,  it  is  a  spiritual 
mass;  if  it  is  directed,  the  direction  issues  from  a  "Mind 
aoniowherL\"  Now  this  conception  is  purely  metempiricaL 
Not  only  is  it  inexact  to  speak  of  Vitality  as  a  force,  it  is 
ahuoat  iHjually  inexact  to  s{>eak  of  it  as  a  property ;  since  it 
is  a  Wvm  which  includes  a  variety  of  properties ;  and  when 
Klotchor  assi>;ns  the  svnouvm  of  Irritabilitv,  this  at  once 
ruvmila  the  inexactness;  for  beside  this  property,  we  must 
]ilai'o  Assimilation,  Evolution,  Disintegration,  Reproduction, 
( ■tiutnu'tilitv,  Jind  Sensibility, — all  characteristic  properties 
iiu'ludiHl  in  VitiUitv. 

41.  Having  thus  rejected  the  conceptions  of  entity,  force, 

*  Ki.KTi  UKH,  Hit  i)uotevl  bv  Drtsdale  :  Lift  and  tk4  EquiwaUnee  0/ 

i'lUifc,  \h\\i  ii.  jv  120. 


THE  NATURE  OF  LIFE.  3 1 

and  property,  we  are  left  in  presence  of — i**,  the  organic 
conditions  as  the  elements,  and  2^,  of  their  synthesis  (in  the 
state  called  or^^auisation)  as  the  personified  principle.  Vital 
forces,  or  the  vital  force,  if  we  adopt  the  term  for  brevity's  sake, 
is  a  symbol  o/the  conditions  of  existence  0/ organised  viatter ;  and 
since  organisms  are  specially  distinguishable  from  anorganisms 
by  this  speciality  of  their  synthesis,  and  not  by  any  difference 
in  the  nature  of  the  elements  combined,  this  state  of  organ- 
isation Ls  the  "  force "  or  "  principle  "  of  which  we  are  in 
quest  To  determine  what  Life  means,  we  must  observe  and 
classify  the  phenomena  presented  by  living  beings.  To 
determine  what  Vitality^-or  organisation — means,  we  must 
observe  and  classify  the  processes  which  go  on  in  organised 
su distances.  These  will  occupy  us  in  the  succeeding  chap- 
ters ;  here  I  may  so  far  anticipate  as  to  propose  the  follow- 
in;;  definitions  : — 

42.  Life  is  the  functional  activity  of  an  organism  in 
relation  to  its  medium,  as  a  synthesis  of  three  terms : 
Structure,  Aliment,  and  Instrument;  it  is  the  sum  of  fuiic- 
tion^  which  are  the  resultants  of  Vitality ;  Vitality  bcin;; 
the  sum  of  the  properties  of  matter  in  the  state  of  organi- 
sation. 

Vital  phenomena  are  the  phenomena  manifested  in  organ- 
isms when  external  agencies  disturb  their  molecular  e(jui- 
librium  ;  and  by  or^uisms  when  they  react  on  external 
objects.  Thus  eveiylhing  done  in  an  organism,  or  by  an 
organism,  is  a  vital  act,  although  physical  and  chemical 
a^^eucifs  may  form  essential  components  of  the  act.  If  I 
shrink  when  struck,  or  if  I  whip  a  horse,  tlie  blow  is  in 
<*aih  case  physical,  but  the  shrinking  and  the  striking  an* 
vital 

Every  jiart  of  a  living  organism  is  therefore  vital,  a-?  yvr- 
tainiiuj  to  Life;  but  no  part  has  this  Life  when  isolated;  for 
Life  is  the  synthesis  of  all  the  parts: — a  fe<lemti«)n  of  the 
or^ns  when  the  organism  is  complex,  a  federation  of  the 
I  ironic  su1>stances  wlien  the  organism  is  a  simple  ctll. 

43.  All  definiti(»ns,  although  didactically  plaird  at  the 
intDHliietion  of  a  treatise,  are  projx'rly  the  final  expivssion 
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of  the  facts  which  the  treatise  has  established,  and  t 
cannot  therefore  be  fully  apprehended  until  the  mine 
familiarised  with  the  details  they  express.  Much,  therel 
which  to  the  reader  may  seem  unintelligible  or  questioni 
in  the  foregoing  definition,  must  be  allowed  to  pass  u 
he  has  gone  through  the  chapters  which  follow. 
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OKAKIfilf,  0B0ASI8ATI0S,   AND  ORGANIC  SUBSTANCE. 

^45.  TliEltE  ia  a  marked  difference  between  organtc  an<l 
i  sobstoDces.  The  organic  are  non-living,  thoug]i 
wptMe  of  living  wlien  incorporated  in  organised  tissue 
ilbumen  ii  such  a  suhislance)  ;  or  they  may  be  incapable  of 
"iTDg  because  they  have  lived,  and  are  products  of  waste, 
'l.niea.  The  organised  substance  is  a  specific  combination 
"'  "rpnic  aiibstances  of  various  kin<ls,  a  combination  whicti 
»  "mtilmtioa.  Any  organised  substance  is  therefore  either 
1  ioikpendcnt  organism,  or  part  of  a  more  complex  organ- 
Proto[ilasm,  either  as  a  seimrate  organism  or  as  a  con- 
a  of  a  tissue,  is  organised  substance. 

f  soletancea  are  numerous  and  specific.     ThL>y  are 

ibinalioiis  of  proximate  principles  familiar  to  the 

^  which  may   conveniently  be  ranged   under   lliree 

'bnte ;  The  first  class  of  urganic  substances  comprises  those 

iBpoMd  of  principles  ha\'iDg  what  is  called  a  mineral  origin ; 

w  generally  iguit  llie  organism  uncbanged  as  they  entered 

k  The  second  class  comprises  those  which  are  crystallisable, 

jitiv  fonavd  in  the  organism,  and  generally  quit  it  in  this 

»  excivtioiis.    The  third  class  comprises  the  colloids,  i.e.. 

which  are  coagulable  and  not  crystallisable,  and  are 

i  ID  and  decomposed  in  the  organism,  thus  furnishing 

t*  principles  of  the  seconil  class.     All  the  principlea  are  in 

■  tlatr  of  fluluUon.    Water  is  the  chi^  vuhicle  of  the  materials 

^^xh  ontcT  and  the  mat«rials  which  quit  the  organism  :  and 

'otei  in  )H>bitii>n  are  solveiils  of  otliers,  so  that  the  water 

tbut  actjuins  nuw  aolvenl  proiwrties. 

tto.  Two  points  must  be  noted  respecting  organic  sub- 
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stances:  they  are  mostly  combinations  of  higJier  multiples 
of  the  elements ;  and  their  combinations  are  not  definite  in 
quantity.  Albumen,  for  example,  has  (according  to  one  of 
the  many  formulas  which  have  been  given)  an  elementaiy 
composition  of  216  atoms  of  Carbon,  169  of  Hydrogen,  27  of 
Nitrogen,  3  of  Sulphur,  and  68  of  Oxygen;  whereas  in  its 
final  state,  in  which  it  quits  Uie  organism  as  Urea^  it  is 
composed  of  2  atoms  of  Carbon,  4  of  Hydrogen,  2  of  Nitrogen, 
and  2  of  Oxygen,  all  the  Sulphur  having  disappeared  in 
other  combinations.  In  like  manner  in  the  organism  Stearin 
falls  from  C114,  H^q,  Oj^  to  Oxalic  Acid,  which  is  C4,  H^ 
Og.  It  is  obvious  that  the  necessary  modifiability  of 
organic  substance  is  due  to  this  multiplicity  of  its  elementary 
parts  and  the  variety  of  its  molecular  structure. 

456.  Nor  is  the  indefiniteness  of  the  quantitative  compo- 
sition less  important,  though  seldom  adequately  appreciated, 
or  even  suspected.    Eobin  and  Verdeil  •  are  the  only  writers 
I  can  remember  who  have  distinctly  brought  the  fact  into 
])rominence.    That  all  inorganic  substances  are  definite  in 
composition,  every  one  knows.     Quicklime,  for  example,  may 
])e  got  from  marble,  limestone,  oyster-shells,  or  chalk;  but 
however  produced,  it  always  contains  exactly  250  ounces 
of  calcium  to  100  ounces  of  oxygen;  just  as  water  is  always 
OHg.     Not    so  the  pre-eminently  vital  substances,   those 
which   are   coagulable   and   not   crystallisable :    no    precise 
formula  will  express  one  of  these;  for  the  same  specific 
substance  is  found  to  vary  from  time  to  time,  and  elementary 
analyses  do  not  give  uniform  results.     Thus,  if  after  causing 
an  acid  to  combine  with  one  of  these  substances,  we  remove 
the  acid,  we  are  not  certain  of  finding  the  substance  as  it 
was  before — as  we  are,  for  example,  after  urea  is  combined 
with  nitric  acid  and  then  decomposed.     The  same  want  of 
(lefiniteness  is  of  course  even  more  apparent  in  the  conibina- 
lions  of  these  proximate  principles  into  organised  substance. 
Protoplasm   differs  greatly  in   different   places.      Epithelial 
cells  differ.    Muscular  and  nerv^ous  fibres  are  never  absolutely 
the   same   in   different   regions.      A  striped  and  unstriped 
*  Robin  et  Verdeil  ;  Tmit^  de  Chimie  AjicUoonque,  1853. 
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'  fibre,  the  muscular  fibre  of  a  spliincter  or  of  a 
iJmb,  ■  nerve-fibre  in  a  centre,  in  a  trunk,  or  in  a  gland, 
nil  {ireseut  variations  of  composition.     The  elastic  fibres 
if  the  ligaments  are  larger   in   tbe   tiorse   tlian   in  man; 
mi  ia  other  animals  they  are  smaller.     These  differences 
iw  tiimetim*^    due    to    the    constituents,    and    sometimes 
ii  th*  arranyement  of  the  constituents;  the  conversion  of 
.Mkmen  inlo  Fibrine  without  elementary  loss  or  addition, 
^  1  KDod  example  of  tbe  latter.     That  tbe  tissues  of  one 
us  tn  Dot  absolutely  the  same  as  the  tissues  of  another, 
•a  tilt  tenso  in  which  it  is  true  to  say  tliat  the  chalk  of  one 
''-tl  u  the  same  as  that  of  another,  or  as  gold  in  Australia 
i-  ilif  same  as  gold  in  Mexico,  is  apparent  in  their  very 
i^Wtnt  r^-actions   under   similar  external   conditions:    the 
"b'ljnce  which  jwiaons  the  one  leaves  the  other  unaffected. 
Tte  .|\ian  who  has  once  had  the  smallpox,  or  scarlet  fever, 
:i  [!..(,.[  the  same  afterwards,  since  bis  organism  bae  now 
■•xumv  insusceptible   of   these  poisons.      And    Sir  James 
i'tfa  lutt  called  attention  to  the  striking  fact  revealed  in 
iJKsae,  oatuely,  that  in  tbe  same  tissue — say  tbe  bone  or  tbe 
>kia— a  morbid   substance    fastens  only   on   certain   email 
portiona    leaving   all    the    rest    unaltered,   but   fastens    on 
c-uctly  corn^ponding  spots  of  the   opposite   sides   of  the 
tody;  Ro  thai  on  both  amis,  ur  Itolb  legs,  only  tbe  corre- 
■pMuttng  bit*  of  tissue  will  be  diseased.     "  Manifestly  when 
two  mfastances  disjitay  different  relations  to  a  third  their 
eompoaitiop  cannot  Ira   identical;   so  that  though  we  may 
■pMik  of  an  bone  or  of  all  skin  as  if  it  were  all  alike,  yet 
ibere  an  diflerences  of  intinuito   com^Kisilion.     Xo   power 
of   aitifidal    chemistry   can   detect   tbe   difference;    but    a 
aoriul  inat4.Tiiil  can."*      It  is  to  this   variability  of  com- 
poiitiMidvU  we  must  refer  individual  peculiarities,  and  those 
ibikuig  fonns  of  variety  known  as  idiosyncrasies,  which 
oiue  some  (n^gtuusms  to  be  aFTL^oted  by  what  seem  inexpli- 
cable inttnencea — physical  and  inoml. 

In  spita  of  all  tlicac  variations,  however,  there  are  certain 

l^^cific  nseiiibluic«i  d^iendeiit  of  course  on  similarity  of 

*  Paobt  :  LKtura  m  Stuyioal  Piakaio^,  p.  14. 
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composition  and  structure,  so  that  the  muscle  of  a  crusta- 
cean is  classed  beside  the  muscle  of  a  vertebrate,  although 
the  elementary  analysis  of  the  two  yields  different  results. 
Nerve-tissue,  according  to  my  experience,  is  the  most  variable 
of  all,  except  the  blood ;  variable  not  only  fix)m  individual  to 
individual,  and  from  genus  to  genus,  but  even  in  the  same 
individual  it  never  contains  the  same  quantities  of  water, 
phosphates,  &c.  Hence  it  is  that  different  nerves  manifest 
different  degrees  of  excitability,  and  the  same  nerve  differs 
at  different  times.  Thus  the  fifth  pair,  in  a  poisoned  animal, 
retains  its  excitability  long  after  the  others  are  paralysed; 
and  the  patient  under  chloroform  feels  a  prick  on  the  brow 
or  at  the  temples,  when  insensible  at  any  other  spot.  The 
pneumogastric  which  is  excitable  during  digestion  is — in  dogs 
at  least — inexcitable  when  the  animal  is  fasting. 

46.  The  organic  substances  are  what  analysis  discovers  in 
organised  substances,  but  none  of  them,  not  even  the  highest, 
is  living,  except  as  organised.  Albumen  alone,  or  Stearin 
alone,  is  as  incapable  of  Vitality,  as  Plumbago,  or  Soda ;  but 
all  organic  substances  are  capable  of  playing  a  part  in  vital 
actions ;  and  this  part  is  the  more  important  in  proportiou 
to  their  greater  molecular  variety.  Organisation  is  a  special 
synthesis  of  substances  belonging  to  all  three  classes;  and 
the  organised  substance,  thus  formed,  alone  merits  the 
epithet  living.  We  see  how  organised  substances  being 
constituted  by  principles  derived  from  the  inorganic  world, 
and  principles  derived  from  the  organic  world,  have  at  once 
a  dependence  on  the  external  Medium,  and  an  independence 
of  it,  which  is  peculiar  to  living  beings.  An  analogous 
dependence  and  independence  is  noticeable  with  respect  tc 
the  parts ;  and  this  is  a  character  not  found  in  inorganic 
compounds.  The  organism  even  in  its  simplest  forms  is  t 
structure  of  different  substances  each  of  which  is  complex 
While  one  part  of  a  crystal  is  atomically  and  morpha 
logically  identical  with  every  other,  and  is  the  whole  crysta 
"  writ  small,"  one  part  of  an  organism  is  unlike  another,  anc 
no  part  is  like  the  whole.  Hence  the  dependence  of  on( 
organ  and  one  tissue  on  another,  and  each  on  all.    Yet,  while 
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rmv  put  IB,  so  to  speak,  a  comiition  of  existence  of  every 
'lUwr.  and  ihe  unity  of  the  organism  is  but  the  expression 
iif  thU  soliitttrity, — wherever  organised  substance  has  been 
ilifferentialed  into  morphological  elements  (cells,  &c,),  eaf^h 
'if  tliMe  haa  ita  own  course  of  evolution  independently  of 
ilip  rKhfre, — is  l"»m,  nourished,  developed,  and  rUes. 
I  47.  Tlic  int«Tdepeiidence  of  nerve  and  muscle  is  seen  in 

I  iha,  thnt  the  more  the  tnnsele  is  excited  the  feehler  its  con- 
inctioQs  become ;  ihia  decrease  in  contractility  is  compensated 
'7  ui  incrpased  excitability  in  its  nerve,  so  that  wMle  the 
tniLtdo  detnanda  a  more  powerful  stimulus,  the  nerve  acquires 
•  mitfi  eoeT{^ic  activity.  Itanke's  curious  Eind  careful  ex- 
IvniDiiDta  senm  to  prove  that  this  depends  on  the  wearied 
"ni«d«  ulisorbing  wore  water,  owing  to  the  acids  developed 
tiy  tu  aoUvity,  and  on  the  nerve  losing  this  water—a  nerve 
*'in<;  aIwaii-3  more  irritable  when  ita  quantity  of  water 
>)iiittaithes. 

48.  Uerein  we  see  illustrated  the  great  law  of  organiseil 
^vity  that  it  is  a  simultaneity  of  opposite  tendencies,  as 
"TpaiMd  matter  is  a  synthesis  of  compositioDS  and  decom- 
f>ntiaB«,  aiwayn  tending  towards  e(|uilibriuiu  and  disturbance, 
Hotit^  up  energy  and  liberating  it    Unlike  what  is  observed 
in  QDur'^aiaud  matter,  the  conditions  of  waste  bring  witli 
liim  oonditioQfl  of  repair,  and  thus — witliin  certain  limits — 
creryloH  in  one  direction  is  compensated  by  gain  in  another. 
Tien  ia  a  greater  flow  of  nutrient  material,  or  more  jiroperly 
(praking,  a  greater  assimilation  of  jt  by  the  tissue,  where 
tiwte  liai  t>ceu  made  a  greater  opening  for  it  by  previous  dis- 
inu-gnttnn.    The  alkaline  state  of  the  nutrient  material,  and 
the  aod  atate  of  the  material  that  bus  been  used, — the  alka- 
line aUta  which  cliaracleriscs  re{*uso  and  ussimilatiou,  and  the 
acid   state  wluch   charncteriaes  activity  and  deassimilatioii, 
ar«  bat  cafes  of  this  general  law :  ou  tlie  synthesis  of  these 
M|ipocitA  tendencies   depends  the   restless  change,  together 
wttb  the  continued  Hpecific  integrity,  of  oi^anised  matter. 

40.  Tlie  state  of  organisation  may  therefore  be  defined  m 
the  maitatlar   vnum  of  the  proximate  principles  0/  the  Ikret 
■  Ml  rtdpncai  dittolulitm.     An  organism  is  fonned  of 
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matter  thus  organised,  which  exists  in  two  states — the 
amorpJums,  and  the  figured.  The  amorphous  substances  are 
liquid,  semiliquid,  and  solid ;  the  figured,  are  the  cells,  fibres, 
and  tubes,  called  "  anatomical  elements."  For  these  I  prefer 
the  term  suggested,  I  believe,  by  Milne  Edwards^  namely, 
organiteSy  because  they  are  the  individual  elements  which 
mainly  constitute  the  organs,  and  are  indeed  by  many  bio- 
logists considered  as  elementary  organisms.  These  organites, 
which  go  to  form  the  tissues,  and  by  the  tissues  the  organs, 
have  their  specific  form,  volume,  structure,  and  chemical 
reactions.  They  exist  in  textures  or  tissues,  or  separately 
(e.g.,  blood  -  corpuscles),  and  are  in  many  respects  like 
the  simplest  organisms  known,  such  as  monads,  vibriost 
amoebae,  &c. 

50.  The  simplest  form  of  life  is  not — as  commonly  stated 
— ^a  cell,  but  a  microscopic  lump  of  jelly-like  substance,  or 
protoplasm,  which  has  been  named  sarcode  by  Dujardin, 
ci/tode  by  Haeckel,  and  germinal  matter  by  Lionel  Beale. 
This  protoplasm,  although  entirely  destitute  of  texture,  and 
consequently  destitute  of  organs,  is  nevertheless  considered 
to  be  living,  because  it  manifests  the  cardinal  phenomena  of 
Life :  Assimilation,  Evolution,  Reproduction,  Mobility,  and 
Decay.  Examples  of  this  simplest  organism  are  Monads, 
Protamoebse,  and  Polythalamia.*  Few  things  are  more 
surprising  than  the  vital  activity  of  these  organites,  which 
puzzle  naturalists  as  to  whether  they  should  be  called  plants 
or  animals.  All  microscopists  are  familiar  with  the  spectacl-3 
of  a  formless  lump  of  albuminous  matter  (a  Rhizopod)  putting 
forth  a  process  of  its  body  as  a  temporary  arm  or  leg,  or  else 
slowly  wrapping  itself  round  a  microscopic  plant,  or  morsel 
of  animal  substance,  thus  converting  its  whole  body  into  a 
mouth  and  a  stomach;  but  these  phenomena  are  surpassed 
by  those  described  by  Cienkowski,+  who  narrates  how  one 
Monad  fastens  on  to  a  plant  and  sucks  the  chlorophyll 
first  from  one  cell  and  then  from  another;  another  Monad, 

*  Comp.  HAEf  KEL,  in  Siehold  und  KoUiker's  Zeitschrift,  1865,  p.  342, 
and  his  Generelle  Morphologie,  1866,  i.  135,  336. 
t  In  the  ArchivfUr  mikros.  Anatomic ,  1865,  p.  211. 
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mubU  to  make  a  hole  in  the  cell-wall,  thrusts  long  processi's 
nt  ite  body  into  the  opening  already  made,  and  drags  out 
tlKKraoins  of  the  chlortiphyll  left  there  by  its  predecessor; 
wbUe  a  thihl  Muiiod  leads  a  predator}'  life,  falliii<j  upon 
ulha  UiiBiuls  that  have  filled  themselves  with  food.  Here, 
u  Iw  uya,  we  stand  on  the  threshold  of  that  dork  ri^on 
vben  Stomal  Will  begins;  and  yet  there  is  here  only  the 
limpttat  form  of  orf^anisation.* 

51-  Now  let  uiir  glance  pass  on  to  the  second  stage — 
Hie  Cell.  Hure  we  have  a  recognised  differentiation  in  the 
^>peu«ie«  of  a  nucleus  amid  the  protoplasm.  The  nucleus 
>•  cbemically  dijferent  from  the  Gubatanee  which  sui-rounds 
Hiind  although  perhaps  exaggerated  importance  has  been 
•Oriboted  to  this  nucleus,  and  mysterious  powers  have  been 
MoiW  to  it,  yet  m  an  ess^mtial  constituent  of  the  cell  it 
i-uDffluds  attention.  Indeed,  ac^cording  to  the  most  recent 
luvettij^tioQs.  the  definition  of  a  cell  is  "a  nucleus  with 
•unfumlin^  {irntiiplasiu."  The  cell-wall,  or  delicate  invest- 
ing muiibnuie — that  which  makes  the  cell  a  closed  sac — 
|9  JHi  lunger  to  be  regarded  as  a  necessary'  constituent,  but 
Wily  OS  an  Bccesaorj-.f 

*  H<i*  irgkniutioii  t<  the  limplest  form  of  all — molecular  nrgnniieJ 
'cractuni,  wLldi  in  iLo  h%h«r  (oriua  Ih:coiu«i  tiiaae  siructiirc,  nod 
opa  ttrDctarc  Tlie  w<iril  itruetvrt  properly  luenu*  onluly  nmiigi:- 
MMituf  diffrnnl  nuiUrialii  ;  and  molcculur  etrucliire  nUta  to  the  Hif- 
bswit  pTDsinulE  princtplF*  vliicli  cou»Litul«  the  or^'&iiiBvd  Bu1«Uin«r. 
UimQv,  l»o*>vi-r,  tlia  woni  MtrvetHTtUtt  indicaUM  ihc  absence  of  vi*ihU 
tma^/tmaM  of  Ilia  imiU  :  »  cell  hu  itructiire  suice  ii  ba«  aiicleii*  ami 

t  la  iIm  csU-thBiTjr  otablulud  by  SciItxiDKN  and  Sohwark,  in 
rS38«  ni  which  hn*  fonacd  Oie  l>w>i»  of  luiidem  bintoluKy,  the  cell-wall 
«M  rMcluonl  with  DA  iniportMice  which  c«n  no  lou^vr  he  iipbehl  now 
ikat  t^  riutrncK  of  independent  orguiiiiius,  and  uf  cells,  without  n 
tTKB  of  envelojiiii);  iiitnihrane  biu  l«en  iihiindantlj'  obeervwl.  Cells 
viihinit  wtlli  were  lirsl  dentriijed  by  CuHTS  in  the  Compln  litnda;  1845, 
]■.  137J.  Tliey  were  al»o  dc»crib«d  by  C'iuri.m  Kouin  in  1855,  Oict. 
■■I  la  MUtriiie,  nn.  CtUuU.  But  iiule  nuiicB  wm  taken  until  Mas 
^CHt  LIXE,  in  hii  funoua  UMy,  L'tber  Mutielkorperchen  utut  mu  man  rinr 
ZM*  m  Mjiani  Aabi,  wUcli  appeurvd  in  Utidurt  und  Dn  Boit  Rt-tmamii 
jlreAie,  iS6l, — BaDecXK,in  hiimvmolr,  DU  EUintnlaTorgnitiimm,  1861, 

and  Llonu.  UeaLK,  in  hb  Structure  of  tin  SimpU  Tmvu,  1861,— 
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52.  The  cell  may  be  either  an  organism  or  an  organite. 
It  may  lead  an  isolated  life  as  plant  or  animal,  or  it  may 
be  united  with  others  and  lead  a  more  or  less  corporate 
existence ;  but  always,  even  as  an  element  of  a  higher 
organism,  it  preserves  its  own  individuality.  At  first  we 
see  that  the  corporate  union  is  very  slight,  merely  the  con- 
tact of  one  cell  with  another  of  its  own  kind,  as  in  the 
filament  of  a  Conferva.  Eising  higher,  we  see  the  cell 
united  with  others  different  from  it :  plants  and  animals 
appear,  having  structures  composed  of  masses  of  various 
cells.  Eising  still  higher,  we  see  animal  forms  of  which 
the  web  is  woven  out  of  myriads  upon  myriads  of  cells, 
with  various  cell-products,  processes,  fibres,  tubes. 


ORGANISM  AND   MEDIUM. 

53.  But  we  have  only  one  half  of  the  great  problem  of 
life,  when  we  have  the  organism;  and  it  is  to  this  half  that 
the  chief  researches  have  been  devoted,  the  other  falling 
into  neglect.  What  is  that  other  ?  The  Medium  in  which 
the  organism  lives.  Every  individual  object,  organic  or 
inorganic,  is  the  product  of  two  factors : — first,  the  relation 
of  its  constituent  molecules  to  each  other;  secondly,  the 
relation  of  its  substance  to  all  surrounding  objects.  Its 
properties,  as  an  object  or  an  organism,  are  the  results  of 
its  constituent  molecules,  and  of  its  relation  to  external 
conditions.     Organisms  are  the  results  of  a  peculiar  group 

all  about  the  same  time  began  the  reforni  in  the  cell-theory  which  has 
effected  a  decisive  change  in  the  classical  teaching.  Leydio  claims,  and 
with  justice,  to  have  furnished  important  data  in  this  direction  ( Vom 
Bau  des  thierischen  Korpers,  1864,  i.  p.  11).  The  student  interested  in 
this  discussion  should  consult  Max  Schultze  :  Das  Protopiasma  der 
Rlkizopoden  und  der  P/lanzenzellen,  1863  ;  Haeckrl  :  Die  Eadiolarien^ 
1862  ;  the  controversial  papers  by  Reich ert,  in  his  Archiv  (beginning 
with  the  Report  of  1863),  and  Max  Schultzk,  in  his  ArcJdvfur  mikros, 
Anat.,  with  Henle's  judgment  in  his  JahresberichUy  and  Kolliker's 
summing-up  in  the  last  edition  of  his  Gewebelehre.  For  a  full  yet  brief 
history  of  the  cell-theory  see  Drybdale  :  The  Protoplasmic  Theory  of 
Life,  1874,  pp.  96-106. 
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of  forces,  exhibiting  a  peculiar  group  of  phenomena.  Viewing 
tliese  in  the  abstract,  we  may  say  that  there  are  three  regu- 
lative laws  of  life: — (i)  The  Lex  Formationis — the  so-called 
frMi«/an?ui/trt«, or  "organising  force;"  (2)  the  Leaf  Adapta- 
tionis,  or  adaptive  tendency;  (3)  the  Lex  ffereditatis,  or 
tendency  to  reproduce  both  the  original  form  and  its  acquired 
modifications.  We  have  always  to  consider  the  organising 
force  in  relation  to  all  surrounding  forces — a  relation  suc- 
cinctly expressed  in  the  word  Adaptation.  Just  as  water 
is  w^ater  only  under  a  certain  relation  of  its  constituent 
molecules  to  the  temperature  and  atmospheric  pressure — 
just  as  it  passes  into  other  forms  (ice  or  steam)  in  adapting 
itaelf  to  other  conditions;  so,  likewise,  the  organism  only 
preserves  its  individuality  by  the  adjustment  of  its  forces 
with  the  forces  which  environ  it. 

64.  This  relation  of  Organism  and  Medium,  the  most 
fundamental  of  biological  data,  has  had  a  peculiar  fortune : 
never  wholly  unrecognised,  for  it  obtrudes  itself  incessantly 
in  the  facts  of  daily  experience,  it  was  very  late  in  gaining 
recognition  as  a  principle  of  supreme  importance;  and  is 
even  now  often  so  imperfectly  apprehended  that  one  school 
of  philosophers  indignantly  rejects  the  idea  of  the  Organism 
and  Medium  being  the  two  factors  of  which  Life  is  the 
product.  Not  only  is  there  a  school  of  vitalists  maintaining 
the  doctrine  of  Life  as  an  entity  independent  both  of  Organ- 
ism and  Medium,  and  using  these  as  its  instruments;  but 
there  is  also  a  majority  among  other  biologists,  who  betray 
by  their  arguments  that  they  fail  to  keep  steadily  before 
them  the  fundamental  nature  of  the  relation.  Something 
cf  this  is  doubtless  due  to  the  imperfect  conception  they 
have  formed  of  what  constitutes  the  Medium:  instead  of 
recognising  in  it  the  sum  of  external  conditions  affecting 
the  organism — i.e.,  the  sum  of  the  relations  which  the  organ- 
bm  maintains  with  external  agencies,  —  they  restrict,  or 
enlarge  it,  so  as  to  misapprehend  its  significance — restrict  it 
U^  only  a  few  of  the  comlitions,  such  as  climate,  soil,  temi>era- 
tare,  &c.,  or  enlarge  it  to  embrace  a  vast  array  of  conditions 
which  stand  in  no  directly  appreciable  relation  to  the  or^.ui- 
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ism.  Every  one  understands  that  an  organism  is  dependent 
on  proper  food,  on  oxygen,  &c.,  and  will  perish  if  these  are 
withheld,  or  be  affected  by  every  variation  in  such  conditions. 
Every  one  understands  that  an  animal  which  can  devour  or 
be  devoured  by  another,  will  flourish  or  perish  according  to 
the  presence  of  its  prey  or  its  enemy.  But  it  is  often  for- 
gotten that  among  external  existences,  all  those  which  stand 
in  no  appreciable  relation  to  the  organism  are  not  properly 
to  be  included  in  its  Medium.  In  consequence  of  this  over- 
sight we  frequently  hear  it  urged  as  an  objection  to  the 
Evolution  Hypothesis,  that  manifold  organisms  exist  under 
the  same  external  conditions,  and  that  organisms  persist 
unchanged  amid  a  great  variety  of  conditions.  The  objection 
is  beside  the  question.  In  the  general  sum  of  external 
forces  there  are  certain  items  which  are  nearly  related  to 
particular  organisms,  and  constitute  their  Medium;  those 
items  which  are  so  distantly  related  to  these  organisms  as  to 
cause  no  reactions  in  them,  are,  for  them,  as  if  non-existent* 
Of  the  manifold  vibrations  which  the  ether  is  supposed  to 
be  incessantly  undergoing,  only  certain  vibrations  affect  the 
eye  as  light;  these  constitute  the  Medium  of  Sight;  the 
others  are  as  if  they  were  not.  Only  certain  vibrations  of 
the  air  affect  the  ear  as  Sound;  to  all  other  vibrations  we 

*  At  the  time  this  was  written,  I  had  some  fish  ova  in  the  course  of 
development.  Out  of  the  same  mass,  and  in  the  same  vessel,  all  those 
which  were  supported  by  weed  at  a  depth  of  half  an  inch  from  the 
surface,  lived  and  developed ;  all  those,  without  exception,  that  were  at 
a  depth  of  two  to  four  inches,  perished.  In  ordinary  parlance,  surely, 
nothing  would  be  objected  to  in  the  phrase,  '*  these  ova  were  all  in  the  mum 
Medium  ;''  the  water  was  the  same,  the  weed  the  same,  the  vessel  the 
same ;  yet  some  difference  of  temperature  and  carbonic  acid  made  all  the 
difference  between  life  and  death.  Another  curious  fact  was  observed :  I 
removed  eight  of  these  ova  with  active  embryos,  and  placed  them  in  a 
large  watch-glass  containing  a  solution  (one-half  per  cent.)  of  bichromate 
f>f  ammonia.  In  tliis  acid  the  embryos  lived  and  were  active  fifty-seven 
hours,  although  other  embiyos  placed  in  a  similar  watch-glass  contain- 
ing pond- water,  survived  only  forty  hours.  The  non-effect  of  the  acid 
WHS  probably  due  to  the  non-absorption  which  nullifies  the  effect  of 
certain  virulent  poisons  when  they  are  swallowed ;  but  why  the  fish 
should  live  longer  in  the  acid  than  in  the  simple  water,  I  do  not  at  all 
comprehend. 
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m  iWTi  though  ears  of  finer  sensibility  may  detect  tbem 
mi  le  Aval  lo  tiutse  which  aflect  us. 

&&  '  T1m>  extcmiil  coudiUons  of  existence "  is  therefore 
ttw  <onect  delinition  cf  the  Metliiim.     An  animal  may  be 
NfiMBded  with  various  foods  and  poisons,  but  if  its  organism 
ii  not  ditectlr  aEfected  by  them  tht'y  cannot  be  food  or  poison 
In  it    An  animal  may  be  snrroiinded  with  carnivorous  rivals, 
hn  if  it  ia  not  adapteil  to  serve  tliein  as  food,  or  is  too 
|>>wnftal  lo  l«e  attacked  by  them,  they  only  indirectly  enter 
IBM  ita   Medium,  by  eating  the   food  it   would   eat.     The 
^ntlcigy  ia  similar  with  anorganisms  and  their  relation  to 
lieir  media.     Kvery  physical  or  cliemical  phenomenon  de- 
fend* on  the   cuncunence  of  definite  conditions:   namely, 
tht  tutwtancc  which  manifests  the  change,  and  the  medium 
in  which   the   change  is   manifested.     Alter  the   medium, 
nlid,  liquid,   or  gaseous,   change   its  thermal  or  electrical 
itftte,  and  the  phenomenon  is  altered.     But  altliougli  similar 
■Itentiona  in  the  medium  notoriously  intluenco  the  oi^anism, 
yH,  because  a  great  many  variations  in  external  conditions 
m  nnacoumiuiniH  by  appreciable  changes  in  the  organism, 
thera  WD  bioiugistff  who  rvgiird  this  as  a  proof  of  Life  being 
tdcnt  of  physical  and  chemical  laws ;  an  error  arising 
their   not   recognising   the  precise  nature  of  organic 
iliotu. 
i6.  To  give   greater  precision   to    the   conception   of  a 
I  it  will  bo  desirable  l«  adopt  the  distinction  much 
\,mt  by  Claude  Bemai^,  namely,  1',  an  External  or 
frlfedinm,  ctnbmcing  the  whole  of  the  circumstances 
ilii»n,  capable  of  directly  affecting  it,  and 
rlnlCTDa]   or   I'hyaiological  Medium,   embracing   the 
I  innide  the  organism,  and  in  direct  relation  with 
■  to  say,  the  plasma  in  which  its  tissues  are  bathed, 
t  they  arv  nourished,     To  these  add  its  temperature 
tl  conditions.    Bemanl  only  includes  the  nutritive 

i  ioasmuch  as  each  organism  i>08se8se8  a  tt^mpera- 

I  isd  electrical  !itat«  of  its  own,  an<l  these  are  only 
iDilitvclly  dependent  on  the  external  teroperattire  and 
rfaetlkity,  and  as  it  is  with  these  internal  conditions  lliat 
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the  organism  is  in  direct  relation,  I  include  them  with  the 
plasma  among  the  constituents  of  the  Physiological  Medium. 
Any  change  in  the  External  Medium,  whether  of  temperature 
or  electricity,  of  food  or  light,  which  does  not  disturb  the 
Internal  Medium,  will  of  course  leave  the  organism  undis- 
turbed ;  and  for  the  most  part  all  the  changes  in  the  Exter- 
nal Medium  which  do  affect  the  organism,  affect  it  by  first 
changing  the  Internal  Medium.  External  heat  or  cold  raises 
or  depresses  the  internal  temperature  indirectly  by  affecting 
the  organic  processes  on  which  the  internal  temperature  de- 
pends. We  see  here  the  rationale  of  acclimatisation.  Unless 
the  organism  can  adapt  itself  to  the  new  External  Medium 
by  the  readjustment  of  its  Internal  Medium,  it  perishes. 

57.  We  are  now  enabled  to  furnish  an  answer  to  the 
very  common  objection  respecting  the  apparent  absence  of 
any  direct  influence  of  external  conditions.  Let  the  objec- 
tion first  be  stated  in  the  words  of  a  celebrated  naturalist, 
Agassiz  :  "  It  is  a  fact  which  seems  to  be  entirely  overlooked 
by  those  who  assume  an  extensive  influence  of  physical 
causes  upon  the  very  existence  of  organised  beings,  that  the 
most  diversified  types  of  animals  and  plants  are  everywhere 
found  under  identical  circumstances.  The  smallest  sheet  of 
fresh  water,  every  point  of  the  sea-shore,  every  acre  of  dry 
land,  teems  with  a  variety  of  animals  and  plants.  The 
narrower  the  boundaries  which  are  assigned  as  the  primitive 
home  of  all  these  beings,  the  more  uniform  must  be  the  con- 
ditions under  which  they  must  be  assumed  to  have  originated ; 
so  uniform  indeed  that  in  the  end  the  inference  would  be  that 
the  same  physical  causes  can  produce  the  most  diversified 
effects." 

Obviously  there  is  a  complete  misstatement  of  the  argu- 
ment here ;  and  the  excess  of  the  misstatement  appears  in 
the  following  passage :  "  The  action  of  physical  agents  upon 
organised  beings  presupposes  the  very  existence  of  those 
beings."  Who  ever  doubted  it?  "The  simple  fact  that 
there  has  been  a  period  in  the  history  of  our  earth  when 
none  of  these  organised  beings  as  yet  existed,  and  when, 
nevertheless,  the  material  constitution  of  our  globe  and  the 
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feting  upun  it  were  essentially  the  same  as 
,  shows  that  these  influences  are  insufBctent 
I  existence  any  living  being,"*  Although  most 
Q  demur  to  the  statemeut  that  because  the  material 
□uitutioD  of  our  globe  was  "  essentially  the  same  "  before 
•i4  «fl«r  uumal  Ule  appeared,  therefore  there  could  have 
'•<xa  no  s[n?cial  conditions  determining  the  appearance  of 
bfi:!.tlic  hypothesis  of  Evolution  entirely  rejects  the  notion 
I  oi^sniv  forms  having  been  diveraified  by  diversities  iu  the 
InT  phyMcai  conditions  commonly  understood  as  represent- 
in;  titt!  Alt^iium.  Mr.  Daruin  has  the  incomparable  merit 
■i  liavinj;  eularge<l  oar  conception  of  the  conditions  of  exiat- 
nxv  ?o  as  to  embrace  ail  the  factors  which  conduce  to  the 
'■•lilt  Iu  hij  liiminous  principle  of  the  Stru^Ie  for  Exisl- 
'1  .-.  .Mid  the  Xutur«l  Selection  which  such  a  struggle  deter- 
ifiiD-'",  no  iiaVB  the  key  to  moat  of  the  problems  presented 
Ly  iht:  'lixemtties  of  organisms  ;  and  the  Law  of  Adaptation, 
n^htly  conceived,  furnishes  the  key  to  all  organic  change. 

68,  In  consequence  of  tlie  defective  precision  with  wliich 
tka  phnse  *' Medium,"  or  its  usual  ecjuivalent  "physical 
eaoditioos."  ia  employed,  several  biological  errors  pass  unde- 
tected. Haeckel  t  calls  attention  to  the  common  mistake  of 
•  the  organism  to  be  passive  under  the  influtnee  of 
L  cooditiona,  whereas  every  action,  be  it  of  light  or 
;  of  wat<tr  or  fwd,  necessarily  ciills  forth  a  corresponding 
which  manifests  itself  in  a  modification  of  the 
|irocess.  He  inints  out  the  obverse  of  this  error 
in  Um  current  notion  that  Habit  is  solely  due  to  the  sjioa- 
•  action  of  ilia  organism,  in  opposition  to  the  inHuenee 
d  BgQDcy,— ^s  if  every  action  were  not  the  response 
iilufl.  (.'orrcspunding  with  the  fluctuations  in  the 
D  iberv  must  necejtmrily  be  fluctuations  of  Adaptation, 
(  we  may  safely  assume  tliat  it  is  only  when  tlieae 
B  that  the  Adaptation  becomes  Habit.  This 
LatioD  of  the  phmse  "  Habit  ia  tecmul  Nature." 
f  diffuronl  from  ihu  common  int<^iretaliun  which 

*  An&Hti;   Euay  on  ClamiJUatim,  i8)9,  p-  ij. 
t  liAKXKi.:   GttunlU  iforplu>ltyie,'u.  31 1. 
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attributes  it  to  the  use  or  disuse  of  oigans ;  as  if  use  or  disuse 
were  a  spontaneous  uncaused  activity. 

59.  The  organism,  simple  or  complex,  is,  we  have  already 
seen,  built  up  from  materials  originally  derived  from  the 
External  Medium,  but  proximately  from  the  Internal  Medium. 
This  statement,  however,  requires  some  qualification,  especially 
in  view  of  the  hypothesis  that  organised  substance  was 
originally  created  such  as  we  now  find  it,  and  not  evolved 
from  inorganic  materials.  Whether  this  hypothesis  be 
adopted,  or  rejected,  we  have  the  fact  that  the  immense 
majority  of  organisms  now  existing — if  not  all — ^are  products 
of  pre-existing  organisms;  and  therefore  organised  matter 
is  now  mainly,  if  not  solely,  formed  by  organised  matter. 

We  take,  therefore, as  our  point  of  departure,  the  protoplasm; 
this  is  the  first  of  the  three  terms  of  the  vital  synthesis: 
Structure,  Aliment,  and  Instrument.     The  evolution  of  this 
is  proximately  dependent  on  the  pabttiuvi  afforded  it  in  the 
Internal  Medium,  which  is  the  true  nutrient  material,  and 
to  which  what  is  usually  called  food  stands  in  an  external 
relation :  for  between  the  reception  of  food  and  its  assimila- 
tion by  the  organite,  there  is  an  indispensable  intermediary 
stage,  through  which  matter  passes  from  the  unorganised 
to  the  organised  state.     This  intermediate  is  now  recognised 
in  plants  as  in  animals.     The  old  belief  that  plants  were 
nourished  directly  from  the  soil   and   atmosphere  can  no 
longer  be  sustained.     The  process  of  Nutrition  is  alike  in 
both :    in  both  the    materials    drawn    from    the   External 
Medium  are  formed  into  proximate  principles  and  organic 
substances.    It  is  daily  becoming  more  and  more  probable  that 
the  inorganic  materials,  water  and  oxygen,  so  freely  entering 
into  the  organism,  never  pass  directly  from  the  External 
Medium  to  the  tissues,  but    have    to   pass   through    the 
Internal    Medium   where  they  are   changed,   so    that    the 
water  is  no  longer  free,  but  exists  in  a  fixed  state  which  has 
no  analogue  out  of  the  living  substance.     Only  a  part  of  the 
water  can  be  pressed  out  mechanically ;  the  rest — that  which 
is  already  incorporated  with  the  other  elements — can  only 
be  got  rid  of  in  a  vacuum  and  at  a  high   temperature. 
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Dnjrn,  also,  comports  itself  differently  in  the  tissue ;  as  is 
proved  by  thti  fact  that  ita  physiological  absorption  is 
iDtfkHlly  difforeut  from  any  chemical  oxidation  in  a  dead 
"r  decomposing  tiasue.*  Be  this  as  it  may,  we  know  that 
nijuiic  subsUDces  have  to  be  unbuilt  and  rebuilt  in  the 
I'Tginism :  that  the  albumen  of  our  food  never  pa.'ises 
'iwttlr  into  the  albumen  of  our  tissues;  any  more  than 
'he  mill;  drunk  by  a  nursing  mother  will  pass  into  her 
>''caMs,and  increase  her  supply,  except  by  nourialiing  her, 

00.   In   the   Fii':>t   Series  of   these    Problems   the   term 

Btofilum  was  employed  to  designate  this  organised  port  of 

\ia  [aiemal  Medium.      I  was  led  to  adopt  it  as  a  corre- 

■loading  term  to  that  of  Psychoplasm,  by  which  I  wished 

In  deaignaU:  th«  acnUenl  material  of  the  psychological  medium. 

Vtm  «n  he  little  doubt  that  tlie  term  Bioplasm  was  an 

BPcooscioua  reproduction  of  the  title  of  Dr.  Beale's  work, 

vkieli  I  moat   have  seen  advertised.     I  withdraw  it  now 

I  have  read  Dr.  Bealo's  work,  and  see  that  the  aigni- 

be  attaches  to  the  term  is  almost   identical  with 

nn.      In    lieu    thereof,    the   term   Plasmode   (from 

anything   foniied,   and   odos,   a   pathway)    may   be 

itntol:  it  rejiresenls  the  nviruni  material  on  iu  way 

Com  I*rotoplasm,  which  i&  fomtativi  material;  while  the 

foTvud  may  be  termed  Oi^anitea  and   Products: 

organito  being  the  cell  or  cell-derivative  (fibre,  tube) ; 

piuductfl  1)cing  the  gaseous  liquid  and  solid  derivativen 

vital  procttses,  which  arc  xerdiont  when  tliey  form  inter- 

tabstance  or  return  into  tlie  plasmode  and  re-enter 

▼iUl  circle;   txerrlwM  when  they  are  rejected,  as  in- 

of  farther  assimilation.     The  liver-cell  will  furnish 

iple  of  each   kind   of  product.      The   bile,  though 

principles  serviceable  in  the  chemical  transfor- 

for  the  most  part  excreted ;  but  besides  bile,  tlie 

bvsr-cell  jifudutes  starchy  and  saccharine  principles  which 

•re  trua  surcliom,  and  r^-enter  the  plasmode. 

61.  The  urgaiiil*)  is  thus  comtmsed  of  sap,  substance,  and 


I 


UiM  bat  poiat  ItAKKB  I    DU  LtbtiuA*iinrptng*n  itr  Xtrt 
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product;  the  organism,  of  plasmode,  tissue,  and  product   A 
glance  at  the  vegetable-cell  shows  it  to  be  constituted  by 
the  primordial  utricle,  or  protoplasm,  the  outermost  layer 
of  which  is  condensed  into  a  membrance,  or  cell^wall,  and 
the  cavity  thus  enclosed  is  filled  with  sap.    The  cell-wall 
grows  as  the  protoplasm  grows,  and  the  protoplasm  draws 
its  material  from  the  plasmode.     A  glance  at  the  blood,  the 
great  reservoir  of  the  river  of  life,  shows  us  plasmode  in  the 
serum,  and  organites  in  the  corpuscles ;  the  one  distinguished 
by  sodic  salts,  the  other  by  potassic  salts.     The  plasmode,  or 
serum,  is  in  a  constant  change  of  composition  and  decomposi- 
tion, giving  up  to  the  various  tissue-organites  and  intercellular 
plasmodes  the  requisite  materials,  and  receiving  from  o> 
ganites  and  plasmodes  the  products  of  their  changes.    The 
serum  is  fed  from  the  food  and  the  tissues;   and  it  feeds 
the    several    plasmodes  which   bathe  the  several    tissues. 
Passing  into  the  capillaries,  it  becomes  transformed  as  it 
passes  through  their  walls   into  the  intercellular   spaces, 
saturating  the  acid  products  of  the  cell-activities  with  its 
alkalies,  and  furnishing  the  protoplasms  with  their  needed 
materials. 

62.  It  will  be  understood  that,  although  in  appearance 
these  stages  are  sharply  defined,  in  reality  they  are  insen- 
sible. But  from  the  analytical  point  of  view  we  may  r^ard 
Nutrition  as  the  office  of  the  plasmode,  and  Evolution  as 
the  office  of  the  protoplasm.  Although  evolution  or  genesis 
of  form  depends  on  assimilation,  it  is  not  a  necessary  con- 
sequence: the  plasmode  or  the  protoplasm  might  preserve 
such  perfect  equality  in  the  waste  and  repair,  such  complete 
equilibrium,  as  not  to  undergo  any  development  The  ova, 
for  example,  which  exist  in  the  ovaries  at  birth  are  not  all 
subsequently  developed ;  and  if  with  modern  embryologists 
we  conclude  that  there  is  no  replacement  of  these  by  prolifera- 
tion we  shall  in  them  have  examples  of  organites  remaining 
unchanged  through  a  period  of  fifty  years.*  But  such  an 
equilibrium  is  perhaps  only  possible  in  complete  inactivity. 

*  See  Waldeybr  :  art.  Eierstock,  in  Stricker's  Bandbuch  der  Lehre 
von  (Un  Gewfben,  1870,  p.  57a    **  I  found  in  a  foetus,  which,  in  a  case  of 
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63.  Af^n,  altliouf-h  tlie  oAice  of  the  plasmwle  is  primBrily 
thai  of  ronnin;-  protoplasm,  I  tbink  Uiere  is  evidence  to 
•agwet  (hat  jl  uot  only  d<x-^  this,  but  Ihnt  some  of  it  is  used 
in  the  direct  developniniit  of  energy,  esiwcially  ht'at  and  elec- 
tjieiiy.  The  various  forros  of  starch  and  s\i]piT  taken  in  with 
tiw  foDd  or  formed  in  tlie  liver,  certainly  do  not  as  such  enter 
into  protiiplDani.     The  same  with  alcohol. 

64^  It  is  perhaps  in  fnrgetfulness  of  the  artiticial  nature  of 
unl^ttcal  distinctions  that  controversies  rai^e  respecting  what 
"TV  (al1«l  intercellular  substances  aud  cell-walls.  Now  that 
-tK  wall  ia  no  longer  regarded  as  au  esseutial  constituent  of 
ihr  nil,  tnit  as  n  secondary  farmatiou,  two  opinious  are  main- 
:  firsts  tbat  it  is  merely  a  concentration  of  the  external 
ftlfv  of  proioplum ;  secondly,  that  it  is  a  proiluct  of  seer*}- 
B  ffom  the  protoplasm.  Both  positions  may  be  correct. 
Unly  in  Bome  cases  there  is  no  other  appreciable  dilference 
n  mil  and  protoplasm  thsn  that  of  a  greater  consist- 
;  wbflreu  ill  many  other  cases  there  exists  a  decided 
B  in  tlitir  chemical  reactions,  showing  a  difference  of 
Taking  l>oth  orders  of  fact,  we  may  conclude 
1  tfas  cell-wall  is  sometimes  part  of  llie  orgonite,  and 
^naetines  produiA :  a  bload-cell  and  a  cartilage -cell  may  be 
''cd  u  examples  of  each.  And  this  argument  applies  to  the 
QUrcitUiilAr  Mibstance  also. 

66,  Tfa«  tons  plasinode  ami  protoplasm  m-e  general,  and 
Bxlwb  nuiy  species.  There  are  diflerent  plosmodes  for  the 
ASnnt  tuBoee,  mo  that  we  find  phosphates  of  soda  in  the 
^iliiiil  ■  mm.  pboepfaatos  of  potash  in  the  nerve-plasuia,  phos- 
\iatm  of  Dugneaia  in  the  muacle-plaBtna,  and  phosphates  of 
■inK  IB  the  bone- plasma ;  having  severally  to  form  the  speci- 
tcJij  different  protoplasms  of  these  tissues.  Observe,  more- 
■'>B.  tlw  gradations  of  these  in  respect  of  their  physical  state : 
'ii^  blood  being  the  moat  litpiid,  the  neive  a  degree  more  solid, 
ine  Bucle  stilt  more  solid,  ar.d  the  bone  almost  enliiely  solid ; 
•<ul  siaca  ulubility  of  material  is  a  uecessaiy  coiuiiliou  of  the 

'lUS'Dtniaa  f«v)[tiaticj,  bkil  lain  thirty  yann  in  the  body  ufili  mother, 
1  of  Um  mnAcIca  u  iotnct  lu  if  it  hnd  b«cn  bom  U  ito  full 
:  CiOuiar  I'athologie,  kicL  xiv. 
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chemical  changes,  we  can  understand  how  the  blood,  the 
nerve,  the  muscle,  and  the  bone  represent  degrees  of  vital 
activity :  the  greater  the  instability  of  organised  substance, 
the  more  active  its  molecular  renovation.  Many  serious 
errors  result  from  overlooking  the  specific  differences  of  pro- 
toplasms ;  among  them  may  be  mentioned  that  very  common 
one  of  asserting  that  the  ovum  of  a  man  is  not  distinguishable 
from  the  ovum  of  any  other  mammal,  nor  the  ovum  of  a 
mammal  from  that  of  a  reptile ;  nay,  we  sometimes  see  it 
stated  that  the  protoplasm  from  which  a  mammal  may  be 
developed  is  the  same  as  that  which  is  the  germ  of  an  oak. 
So  long  as  this  simply  asserts  that  we  have  at  present  no 
means  of  distinguishing  them  by  any  chemical  or  physical 
tests,  there  can  be  no  objection  raised ;  but  it  is  a  serious 
misconception,  which  any  embryological  investigation  ought  to 
rectify,  to  suppose  that  the  ovum  is  not  specific  from  the  first 
66.  Between  the  organites  and  their  plasmodes  there  is 
the  necessary  relation,  which  corresponds  with  the  relation 
between  organisms  and'*  their  mediums.  Once  formed,  the 
organites  are  arranged  side  by  side,  or  end  on  end,  into  tex- 
tures or  tissues,  and  these  are  grouped  into  organs,  every 
organ  being  constituted  by  a  collection  of  tissues,  as  ever}' 
apparatus  is  by  a  collection  of  organs,  and  the  organism  by 
the  federation  of  all  the  parts.  We  have  more  than  once 
insisted  on  the  necessity  of  synthetic  interpretation  to 
complete  the  indications  of  analysis:  which  means  that 
no  account  of  vital  phenomena  is  real  unless  it  takes  in  all 
the  co-operant  factors,  both  those  of  the  organism  and  the 
medium.  Neglect  of  this  canon  vitiates  Dr.  Beale's  otherwise 
remarkable  labours. 
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67.  It  may  help  to  elucidate  certain  important  points  if  I 
here  examine  the  hypothesis  which  Dr.  Beale  has  worked  out 
with  such  patient  skill,  but  with  what  seems  to  me  such 
unphysiological  results.  He  deserves,  I  think,  more  applause 
than  has  been  awarded  to  him,  not  only  for  the  admirable 


Il  wliich  he  lias  pursued  the  idea,  but  also  fnr  thfl 
Initeneas  of  thi>  idea  itself — always  a  great  advan- 
B  hypothesis,  since  it  gives  precision  to  research.  If 
8  have  paid  but  little  attention  to  it,  this  is  no  doubt 
»  theoretical,  still  more  than  to  the  obsei-vatioual 
idiuliotis  il  pn^simts.  HLstologists  dispute  his  facta,  or 
b  mt«r]tTeU>tiotis ;  while  other  biologists  do  not  see  their 
Lthd  ap))lication  of  his  hypothesis.  Respecting  all 
ints  of  observation  I  shall  be  silent,  for  I  have 
I  no  systematic  researches  in  this  direcliou,  such 
J  ratitli!  me  to  form  an  estimate  of  tlie  evidence, 
it  my  ilisscDt  fruni  the  hyjKitiiesis  is  founded  on  biological 
bdplcfl  so  fuudamentAl  that  I  should  he  willing  to  take 
g rtand  entirely  on  the  facta  he  himself  puts  forward* 

,  The  hypothesis  ia  that  nothing  in  the  organism  has 
g  claim  to  vitality  except  the  minute  masses  of  protoplasm 
t  cnIIimI  bioplasm),  which  in  the  egg  represent,  he 
at  tlie  one-thousoQilLh  part  of  ttie  whole  mass,  the 
[lifeleas  matter,  namely,  pabulum,  and  formed  mate- 
I  bioplasm  is  the  germinal  viatter  out  of  which,  by 
t  froQEM  of  dying,  arise  the  tisfiuea  and  humours  constitutiit}; 
\i)t /armed  mattrioX — tht^e.  wjLh  the  pabulum  which  feeds 
tl«  germina]  matter,  being  ull  dead  material  The  germinal 
mtl«r  itself,  though  living,  only  lives  because  there  is  tem- 
[•wrily  ■ssociaUtd  with  it  that  Vital  Force  of  wliicli  we  have 
ftUaily  spoken  (§  14).  In  virtue  of  tliia  association,  a  particle 
<i  Bitter  Qot  exceeding  tho  one  hundred-thousandth  of  au 
ndi  in  dinmoter  is  said  to  be  alivc ;  and,  presumably,  to 
1  within  it  all  ihavi  manifold  powers  whieli  the  term 
The  {Hibiduni  brought  under  the  inQuence 
is  tmasformed  into  germinal  matter  whiclb 
this  mysterious  influence,  dits  into  tusue. 
I  lod  nen'c-fihrea  are  thus  not  living  parts,  nor 
s  vital.  So  that  to  be  consistent  we  must  not 
m  as  living,  but  aa  a  dead  structure  jtro- 

'  S<«  UuLS:  The  Slru^Uin  of  tht  SimpU  Tutua,  1861  ;  Uie  Intnxl. 

It  hb  ■dhJMk  nf  Todd  and  Btipman'i  Phynilc^cai  Anatomy,  1866 ;  and 

■  l»iraf4«iA(k«JVicrMC(7M.4lhe<l,l868;  nUo  Biopkuin,  1871. 
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dticed  by  the  Vital  Force,  and  set  in  action  by  the  aid  of  scat- 
tered bits  of  germinal  matter.  He  has  not,  I  tliink,  stated 
whether  each  of  these  bioplasms  has  its  own  Vital  Force,  so 
that  the  organism  is  the  theatre  of  millions  of  Vital  Forces; 
or  whether  it  is  oiie  Vital  Force  which  animates  Uie  whole 
organic  world  of  plants  and  animals.  But  nothing  can  be 
less  equivocal  than  his  position  respecting  the  lifelessness  ef 
every  part  of  the  organism  except  the  germinal  matter. 

69.  The  germinal  matter  may  be  selected  as  the  primary 
stage  of  the  formed  material,  the  initial  point  of  growth,  and 
thus  stand  for  the  pre-eminently  distinctive  centre  of  Kntii- 
tion;  but  were  we  to  limit  all  Nutrition  to  the  germinal 
matter,  as  defined  by  Dr.  Beale,  and  deny  the  co-operation  <)f 
all  the  formed  material,  we  should  still  not  be  justified  in 
restricting  Life  to  simple  Nutrition.     We  cannot  exclude 
such  phenomena  as  those  of  Sensation  and  Motion,  not  xAn 
we  assign  these  to  the  germinal  matter.*    To  suppose  this, 
would  be  equivalent  to  saying  that  the  steam  which  issues 
from  a  tea-kettle  is  capable  of  the  actions  of  a  locomotive 
engine.     The  steam  from  the  kettle  is  like  the  steam  from 
the  boiler,  it  has  molecular  energy,  and  by  this  will  co-operate 
in  the  production  of  mechanical  work,  if  the  mechanism 
be  adjusted  to  it.    The  molecular  energy  of  the  protoplasm 
in  muscular  fibre  may  be  indispensable  to  the  movements 
of  the  muscles,  but  these,  and  not  the  protoplasmic  move- 
ments alone,  are   muscular  contractions.     An  hypothesis, 
therefore,  which  is  obliged  to  declare  that  muscle-fibre  and 
nerve-fibre  are  not  living,  even  when  active  in  the  organism, 
seems  to  me  defective  at  its  base.    If  we  view  these  apart 
from  the  organism,  they  may,  like  all  the  other  formed  mate- 
rials, be  regarded  as  dead ;  and  no  one  doubts  that  epidermis, 
nail,  horn,  hair,  and  bone  are  dead  in  this  sense,  that  they 
cannot  live  independently,  and  do  not  reproduce  themselves. 
But  so  long  as  even  these  form  constituents  of  the  living 

•  "  The  physical  property  of  the  tissue  does  not  depend  upon  this 
matter,  iwr  is  its  function  due  to  if."— Beale  :  Introduction  to  Todd  cmd 
Bowman,  p.  ii.  That  is  to  say,  he  regards  even  contractility  and 
neurility  as  physical,  not  vital  facts. 
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organism,  they  also  are  living  (§  42).*  It  is  only  by  a  mis- 
conception of  the  analytical  artifice  that  so  simple  a  trutli 
couM  have  Ijeen  missed. 

70.  But  this  misconception  meets  us  at  many  a  turn. 
The  Vitalist  hypothesis  of  an  extra-organic  agent  of  course 
refu.ses  to  rogard  Life  as  the  expression  of  all  the  co-oi)erant 
conditions ;  and  even  opponents  of  that  hypothesis  often  fall 
into  the  same  ern)r  of  principle,  when  they  attempt  to 
explain  Life  by  localising  it  in  the  cells;  which  is  simply 
a  morphological  sul)Stitution  for  the  once  popular  doctrine 
that  only  the  vascular  parts  were  organised,  and  every  part 
flestituto  of  blcKxi- vessels  was  dead.  This  idea  seemed  sup- 
porter! by  the  facts  of  the  most  highly  vascular  parts  being 
the  most  vital,  and  of  a  pamllelism  existing  between  the 
vital  activity  of  those  organs  which  when  injected  seemed 
ftlmrist  «'ntirely  composed  of  blood-vessels,  as  the  liver  and 
brain,  and  those  which  showed  scarcely  a  tmce  of  vessels,  as 
cartilage  and  lione ;  it  seemed  supported  also  by  the  ap]H'!ar- 
ance  of  blofxl-ves-sels  in  all  new  formations,  and  by  the  idou 
of  the  blowl  as  the  nutrient  fluid.  Then  came  the  cell- 
doctrine,  and  the  l»elief  that  the  cell  was  the  really  ultimate 
iiK)rphological  element — which  may  be  tnie — and  that  **  hen» 
alone  there  is  any  manifestation  of  life  to  lie  found,  so  that 
we  must  not  transfer  the  seat  of  vital  action  anvwhere  bevond 
the  cell,"t— ^hioh  is  very  questionable. 

71.  We  have  alreadv  seen  that  the  cell  is  an  anatomical 
element,  or  or^unite;  the  organism  is  but  an  aggregate  of 
organitt^s  and  their  plasm* nies.  But  IHology,  which  deals 
with  the  organ i.sm  as  a  whole,  and  with  functions  which  are 

*  In  turning  over  the  pa^es  of  a  work  which  wm  ccle)>ratc(l  poinc 
half-^enturr  ajjo — Rudolpui's  GmndrxM  der  Phyiiolmju — I  was  inte- 
rat^il  to  fin«l  a  clear  r^»coj^ition  of  thi?*  Hiolojrical  principle:  "  Alle  Theilo 
mllcr  Or>:ani!imen,'*  he  sayt,  i.  333,  *'  sie  ni(>;;cii  noch  so  verschiiHlvn  in 
ihrtni  Ban,  in  ihrer  Mi«chung,  und  in  ihrer  Thati;;keit  k'Vii,  niid  ohne 
Aniniahme  aU  organisch  und  muhin  aU  lebtnd  zu  hctrachUn'"  lu  a  note 
he  aiiUthat  phy!*i(ilo«;ihtj«have  conaitleretl  certiiiii  fr»lid  |»:irtf> — epidoniiis. 
Bail,  hair,  and  Uinea — to  be  deatl ;  **but  all  theac  are  or^nically  de- 
Tvloped,  and  arv  in  direct  connection  with  the  otlier  parts." 

t  V  IRC  HOW  :  I  fit  Cellular  Patholoijity  i860,  Ivct.  i. 
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the  resultants  of  all  the  vital  properties,  must  not  be  restricted 
to  any  single  factor,  however  important.     It  would  assuredly 
be  deemed  absurd  to  say  that  diamond  rings  and  lead  pencils 
were  the  same,  because  the  diamond  and  the  plumbago,  which 
are  the  specific  elements  of  each,  are  both  the  same  chemical 
element, — carbon.  The  substance  is  really  different  in  diamond 
and  plumbago,  is  different  in  properties,  and  is,  in  rings  and 
pencils,  united  with  different  substances  into  objects  having 
very  different  properties.     Whatever  analysis  may  discover 
as  to  the  identities  of  organic  structures,  we  cannot  explain 
a  single  vital  phenomenon  without  taking  into  account  the 
three  terms  Structure,  Aliment,  and  Instrument ;  and  when- 
ever a  cell  is  said  to  be  the  seat  of  vital  action,  these  three 
terms  must  be  implied.    In  Dr.  Beale's  hypothesis  the  restric- 
tion is  carried  to  its  extreme ;  not  content  with  the  cell,  he 
withdraws  vital  action  from  the  cell  as  a  whole,  assigning  it 
to  the  protoplasm  and  nucleus — cell-contents  and  cell-wall 
being,  in  liis  view,  dead.     If  it  be  true  that  the  protoplasm 
is  alone  concerned  in  Nutrition,  yet  Nutrition  is  not  life. 
Occupied  mainly  with  formative  processes,  it  leaves  other 
indispensable  processes  to  other  parts.     He  instances  the 
removal  of  all  the   tissues  during  the  metamorphoses  of 
insects: — "new  organs  and  textures  are  laid  down  afresh  and 
developed  ah  initio,  instead  of  being  built  up  upon  those  first 
formed."     But  to  show  how  he  restricts  the  idea  of  Life,  he 
adds :  "  Such  complete  change,  however,  necessitates  a  state 
of  existence  during  which  action  or  function  remains  in  comr 
jtlete  ahcyanjc^y* 

The  muscles  and  nerves  which  are  instrumental  in  this 
functional  life  are  said  to  be  dead.  It  is  true  that  the 
muscle-fibre  does  not  develop  fresh  fibres.  But  it  is  equally 
true  that  the  protoplasm  of  muscle  does  not  alone  execute 
mvscular  contraction.  Each  has  its  special  office.  Hence  I 
reject  the  idea  that  formed  material  is  dead.  He  further  says 
"  formed  material  may  be  changed,  it  cannot  change  itself." 
The  antithesis  is  doubly  inexact :  i°,  nothing  changes  itself, 
but  only  yields  to  pressure,  or  reacts  on  being  stimulated ; 

*  Be  ALE  :  Bioplasm,  104. 
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F  mi  2',  al!  ihe  evidence  nt  hand  is  ngoinsl  the  notion  that  (hu 
tamed  material  U  not  the  seat  of  incessant  moleculur  change ; 
I  it  it  wast«(i  and  ri-pairLut  molecule  by  uioUcule.  KoUiker 
jipjcrrly  protests  against  the  growing  tendency  of  hialologista 
;o  lifjfy  protoplasm,  and  to  make  it  tlie  sole  sieat  of  vital 
liMi-es,  llie  cell-wall  mid  cell -products  having  also,  he  aays, 
Inr  [liiv-iiological  importance.  It  is  niimifi'stly  erroneous 
i  [V  Wlal  changes  to  the  red  Idood-corpuscles  on  Uie 
.'"iiiid  of  their  no  longer  containing  germinal  matter.* 

72.  Tho  otialyticii]  view  may  separate  certain  ]>urls  as 
tottvt.  uitl  oIIkt  pftrls  ns  passive,  and  thus  regard  the  cells 
u  Ui«  MotA  of  vitnl  activity,  the  intercellular  substance  as 
iDfTely  acc«»ory  ancl  inatrumental ;  but  the  real  or  syii- 
tiietioal  riew  must  recognise  both  parts  as  equally  indis- 
fmnlile,  equally  vital.  Take  cartilage,  for  instance,  with  its 
cAomoas  prpponderance  of  intercellular  substance  (formed 
Mtlenal).  and  consider  how  absolutely  impossible  any  of  its 
iue«  voald  ho  wert^  it  reduced  to  the  germinal  matter  of  its 
an^MucIcs:     And  bo  of  all  the  tisauea. 

73.  if  formed  material  Is  not  to  be  excluded  from  the 

JiviDg  p»xtfl  of  the  organism,  neither  is  the  plasmode,  out  of 

I  the  germinal  matter  arises,  since  here  we  have   the 

litire  cbanf^  in   their   highest  activity;    and   because 

I  properly  of  Xutrilion  is  here  most  active,  the  other  pro- 

ttjr  of  DvveluptiieDt  is  in  abeyance.     I)r.  Bealc  holds  that 

lalum  necesaariiy  becomes  germinal  matter;  but  when  we 

ne  to  treat  of  Nutrition  it  will  appear  that  this  is  nut  more 

ue  than  that  Food  necessarily  becomes  Tissue :  some  of  it 

.  ^« ;  hnl  much  of  it  is  used  up  for  heat  and  other  purposes. 

r  74,  What    is    tnie,  and   important,   in    the    distinction 

n  germinal  matter  and  formed  material,  is  thai  from 

t  former  onwards  there  is  a  gradual  process  of  dc^ntalisa- 

I;  tha  older  parta  of  every  organite  and  tissue  approacliiiig 

!  and  more  to  the  sUite  of  inorganic  matter.     Rut   to 

r  how  vain  is  the  attempt  to  restrict  Vitality  to  any  one 

t  of  t  eotnplex  of  co-openint  factors,  we  might  set  up  a 

I  liypotliesi*  to  the  vfTecl  that  Vitality  de(>cnd9  on 

'  KftLUUR-.  GiKtbdArt.  itk  cd.,  1867,  p.  13. 
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pliosphates;  and  with  it  explain  the  phenomena  quite  as  wdl 
as  with  the  hypothesis  of  germinal  matter.  For  not  only  is 
it  found  that  the  productive  quality  of  a  soil  depends  on  its 
richness  in  phosphates,  but,  as  Lehmann  has  shown,  wheie- 
ever  cells  and  fibres  make  their  appearance  phosphates  are 
found,  even  in  the  lowest  organisms,  which  however  con- 
tain but  little.  Phosphates  abound  in  seeds  and  ova;  in 
muscles  and  ganglia ;  and  are  deficient  in  the  woody  parts  of 
plants  and  the  elastic  fibres  of  animals.  The  infant  absorbs 
phosphates  in  large  quantities,  and  excretes  them  in  small 
quantities.  Nervous  activity  is  accompanied  by  the  con- 
sumption of  a  third  more  phosphorus  than  accompanies  mus- 
cular activity.  Phosphates  are  among  the  most  energetic  of 
organic  stimulants.  But  who  would  endow  the  phosphates 
with  Vitality,  on  the  ground  of  their  indispensable  presence 
in  all  vital  processes  ? 

75.  Life,  as  we  saw,  is  the  expression  of  the  whole 
organism.  Many  of  the  parts  are  incapable  of  manifesting 
any  vital  phenomena  except  in  connection  with  all  the  rest; 
and  of  those  parts  which  may  be  separated  from  the  organism 
and  continue  to  manifest  some  vital  phenomena,  none  are 
capable  of  manifesting  all.  When  the  connexus  of  tlie  parts 
is  destroyed  the  organism  is  dead.  Long  after  that  cessaticm 
which  we  call  Death,  there  are  still  evidences  of  Vitality  in 
some  of  the  parts :  the  heart  will  continue  to  beat,  the  glands 
will  secrete,  the  hair  will  grow,  the  temperature  will  still  be 
above  that  of  the  surrounding  medium,  the  muscles  will  be 
excitable ;  these  vital  properties  are  the  activities  of  organ- 
ised substances,  and  so  long  as  the  state  of  organisation  is 
preserved  they  are  preserved;  but  the  Life,  which  is  the 
synthesis  of  all  the  vital  properties,  vanishes  with  the  destruc- 
tion of  that  synthesis. 

76.  May  we  not  generalise  this,  and  say  that  every  special 
form  of  existence,  organic  or  inorganic,  is  determined  by  the 
synthesis  of  its  elements  ?  Atoms  are  grouped  into  mole- 
cules, molecules  into  masses,  masses  into  systems.  Out  ol 
the  textureless  germinal  membrane  and  the  yolk,  with 
no    additions   from  without  except  oxygen   and  heat,  are 
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l^trelopMl  all  the  textures  and  organs  of  the  chick,  and  tliia 
ick  weighs  no  more  than  the  e^  oat  of  which  it  was 
vlved.  The  development  has  been  a  succession  of  syntheses 
wis  nptin  epigeneais.  We  may,  if  we  please,  regard 
it  oqtanite,  as  it  appears,  living  its  separate  life,  and  each 
■u  it!  Mparole  life;  but  we  must  not  confound  under  the 
(  ^nibol  modes  of  existence  so  widdy  differeut  as  the 
i  of  an  organite,  and  the  activities  of  an  organism 
mituted  by  millions  of  organites. 
f  77.  If  therefore  we  cannot  restrict  Life  to  the  pro- 
*  of  Nutritiuii,  Dr.  Beole's  hypothest.1,  whatever  value  it 
to  have  as  explaining  histogenesis,  is  quite  unacceptable. 
Itilbtr  Vital  Force  nor  Bioplasm  covers  the  whole  ground. 
■  the  f'^rtncr  then;  is  no  better  evidence  than  our  ignorance 
R  the  ml  syntlie^is ;  for  the  latter  the  evidence  ia  positive 
I*  its  nature,  but  its  interpretation  is  questionable.  Dr. 
Bsle  selecu  as  the  germinal  matter  those  portions  of  tissue 
"iidi  are  sntceptihle  of  l»eing  deeply  stained  by  the  carmine 
Hlition.  ihe  formed  mat4.Tiiil  being  only  stained  in  a  faint 
iit![Ke ;  tbv  nucleus  and  nucleolus  are  tlie  portions  of  germinal 
■utter  which  are  most  deeply  stained ;  and  benc«  he  con- 
cluiiM  that  the  oldfr  the  matter  the  fainter  will  be  its 
culuiuatjon.  I'liore  is  nn  dispute  a^  to  the  value  of  the  stain- 
ii^l  pQcesB,  invented  by  Gerhich,  for  the  discrimination  of 
dienicaUy  dlGTerent  parts  of  a  tissue;  and  Dr.  Beale  has 
tavte  nxeeUttnt  use  of  it  in  his  researclica.*  But  I  altogether 
iqnu  ibc  coQcliision  that  the  staining  process  reveals  the 
puts  which  are  exclusively  vital;  and  for  this  reason:  it 
^cpwda  solely  on  the  acid  reaction  of  those  parts ;  and  we 
OMoi  drrome  the  acid  from  the  alkaline  agencies,  both 
hsBg  iadi^eiunblc.  Nay,  it  has  t)cen  proved  that  in  the 
Hnuf  Miimat  no  organised  substance  can  be  stained.     Lord 

*  XvnrtlirlL-m  tliort  urn  Mtnc  facts  'lirocLlj-  contradicting  hu  con- 
daiiwM.  Fi'r  tx«niplt,  fa«  coTiaiJrn  t)iR  itxU  oyliniler  uf  the  nrrva 
li  im  frcmed  tnalerikl,  uut  aitnu  niib  Mux  Scbultzi  and  nthi-ra  u  to 
n*  SlwiUated  nnctnro ;  yvt  according  to  LmicR  miiI  Tokmer,  Geklach 
od  fur,  tli«  ui«  rj'llnJer  I*  dccplj  atuned  117  cumine,  and  in  this 
M(Mt  mcalilti  the  noLleta  nf  protojiWiu. 
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Godolpliin  Osborne  first  discovered  in  1 856  that  the  protoplasm 
of  growing  wheat  was  susceptible  of  colouration;*  but  Gerlach 
in  1858  found  that  this  never  took  place  in  the  animal 
during  life.  He  kept  tadpoles  and  intestinal  worms  for 
weeks  in  coloured  fluids,  without  a  single  spot  becoming 
stained ;  although  no  sooner  did  these  animals  die  than  the 
staining  began.  Nor  even  when  he  injected  the  coloured 
fluids  under  the  skin,  and  into  the  stomach,  was  the  slightest 
colouration  produced.f 

To  Gerlach's  testimony  may  be  added  that  of  Stein,  who, 
in  his  magnificent  work  on  Infusoria,  says  that  not  only  has 
no  foreign  substance  ever  been  found  in  the  protoplasm  of 
the  Opalina,  but  in  the  Adiuta,  and  all  the  embryos  of  the 
higher  Infusoria  known  to  him,  he  has  been  unable  to  colour 
the  living  substance.*  This  resistance  of  the  living  protoplasm 
is  surely  a  serious  objection  to  the  hypothesis  that  only  those 
parts  of  the  dead  organism  which  are  stained  were  the  truly 
vital  parts.  Banke  sums  up  the  results  of  his  experiments 
thus :  "  They  all  show  that  the  living  cell  resists  the  imbi- 
bition of  every  substance  which  it  cannot  assimilate.  It  is 
precisely  the  impossibility  of  staining  the  cell  that  proves 
this  conclusively,  since  every  particle  of  carmine  absorbed 
would  have  revealed  its  presence." 

It  is  not  to  be  supposed  that  Dr.  Beale  was  unacquainted 
with  Gerlach's  experiments.  He  has  at  any  rate  so  fai 
qualified  the  statement  of  his  hjrpothesis  as  to  admit  that 
it  is  only  after  death  that  the  germinal  matter  is  stained. 
"  The  living  matter "  (he  says,  ffow  to  Work  vnth  tJu 
Microscope,^.  107)  " possesses  an  acid  reaction,  or  to  speali 
more  correctly,  an  acid  reaction  is  always  developed  im- 
mediately after  its  death."  Now,  since  this  acid  reaction  onlj 
presents  itself  after  death,  and  it  is  this  which  is  revealed 

•  From  the  quite  recent  experiments  M.  Baillon  has  submitted  t< 
the  Academie  des  Sciences  (15th  February  1875)  it  appears  that  althoagl 
cut  flowers  absorb  coloured  fluids,  the  roots  when  intact  only  absorl 
the  fluid,  and  reject  the  colouring  matters,  by  a  veritable  dialysis. 

t  Gerlach  cited  by  Rankb  :  op.  cit,  p.  75. 

X  Stein  :  Der  Organismue  der  Ivfiisionsthierchen,  1859,  p.  76. 
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hj  ihe  cftiTniiie,   w«   have   no   right   to  conclude  that  the 

Itumine  »iiigle3  uiit  the  vital  parts.     Every  one  knows  that 

Klbt  tiring  tcuscle  and  nerve,  when  in    repose,  present  an 

r  faintly  neiiti-al  reaction,  and  after  excitation  tliis 

■  dunged  into  an  acid  reaction,  which  increases  with  the 

lIiiaMion  of  the  tisaue.     In  strict  logic,  therefore — if  wa 

i  logically  apply  such  a  test — it  is  the  unstained  parts 

it  CMi^^it  to  be  citlled  vital.     But,  in  truth,  alkalinity  and 

e  e<{itnlly  indispensable. 

B  main  object  of  my  bringing  this  question  forwaid 
Pnatrate  the  danger  of  being  misled  by  analysis: 
k  wo  slijill  aei;  to  be  veiy  serious  in  psychological 
The  nid  derived  from  analysis  need  never  be 
rvalucd ;  all  that  we  have  to  bear  in  mind  is  that  it  is 
lllya  logical  artifice,  uml  that  our  real  explanation  must 
I  be  synthetic.  Because  of  the  tendency  to  rely  on 
■niljiia  there  liaa  been  an  Imperfect  discrimination  of  the 
nfonml  difference  between 


ORHAM^MS  AND  MACDIN'ES  ; 

d  while  on  the  one  hand  the  legitimate  striving  of  the 
jat  to  display  the  mechanism  of  organic  actions  has 
1  denuunced  by  a  certain  school  as  Materialism  and  a 
J  attempt  to  "  rob  Life  of  its  mystery,"  there  has  been 
I  the  other  hand  a  misconception  of  this  mechanism,  as  if 
mt  actions  were  of  the  nature  of  machines,  that  is 
f  ot];uusiid  mechanisms  were  strictly  comparable 
a  cou8tnict«d  of  inorganic  parts.  No  doubt  the 
Hedianics  are  the  same  in  both,  for  these  are  abstract 
Itwi  which  lake  no  account  of  concrete  diOerences.  But 
•ben  elaborate  parallels  are  drawn  up  between  st«ani -engines 
utdaiiiina]  organisms,  the  coal  consumed  in  the  one  likened 
la  tbe  (oaA  in  the  other,  and  the  force  evolved  in  the  com- 
iMtno  in  both  being  tbe  same,  there  is  a  complete  oblitera- 

D  «r  all  that  specially  distinguishes  vital  activity. 
KVS.  Between  an  organism  ami  n  machine   there  is  the 
I  reaemblance  that  both  have  a  complex  atmctura. 
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and  are  constnicted  of  different  and  dependant  parta  Bnt 
underneath  this  resemblance  there  is  a  radical  diversity* 
The  arrangement  of  parts  in  the  organism  is  more  than  a 
jrixtaposition,  it  is  a  solidarity ^  arising  from  the  fact  of  their 
l)eing  all  differentiations  from  a  common  substance  which 
is  a  special  combination  of  the  three  classes  of  proximate 
principles.  Thus  they  are  not  parts  which  have  been  puJt 
together,  but  which  have  been  evolved,  each  out  of  a  pre-exist- 
i\v^  part,  and  each  co-operating  in  the  very  existence  of  the 
other.  The  machine  is  made  of  independent  and  primarily- 
unrelated  parts  ;  its  integrity  dopends  on  the  continued  pre- 
servation of  the  substance  of  each  part;  waste  is  here  destruc- 
tion. The  organism  is  constituted  by  interdependent  and 
l)riinarily-related  parts;  its  integrity  depends  on  the  con- 
tinued destruction  and  renovation  of  their  substance;  waste 
is  a  condition  of  vitality.  The  actions  of  the  machine  are 
.<JtAJordinated ;  the  actions  of  an  organism  are  <;(M)rdinated. 
The  lover  moves  a  wlieel,  and  the  wheel  in  moving  liberates  a 
spring,  each  transmitting  a  communicated  impulse,  but  other- 
wise each  acts  independently — no  slight  modification  in  the 
structure  or  movement  of  the  wheel  will  modify  the  structure 
or  the  movements  of  the  lever,  no  alteration  in  the  tension  of 
the  spring  will  affect  the  structure  of  the  wheel.  But  in  the 
organism  all  are  parts  of  one  sympathetic  whole ;  each  reacts 
on  each ;  each  is  altered  by  the  other.  Not  a  nerve  is  stimu* 
lated,  nor  a  muscle  moved,  but  the  entire  organism  is  affeoted. 
A  condensation  here  is  the  cause  of  a  greater  imbibition 
there.  The  injection  of  salt  or  sugar  under  the  skin  of  the 
frog's  leg  will  produce  cataract  in  its  eya  The  activity  of  a 
secreting  cell  in  the  ovary,  or  liver,  alters  the  condition  of  the 
brain ;  the  acti\'ity  of  the  brain  will  check  the  secretion  of  a 
gland,  or  relax  the  sphincters  of  the  bladder.  When  we 
obser\'e  the  growth  of  horns,  or  the  appearance  of  the  beard» 
concomitant  with  the  secretion  of  spermatic  cells — and  espe- 
cially wlien  we  observe  with  these  a  surprising  change  in  the 

*  Stahl  had  a  profound  conviction  of  the  radical  difference,  though 
)i«  was  not  aUle  to  point  out  the  conditionR  involved.  See  his  Dis- 
quUitio  (/(I  tittfcAanifmi  et  organismi  vera  divcrsitate. 
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jih)ii(al  and  moral  capsibililies  and  tendeucies  of  the  organism 
~«t  understand  bow  tlic  remotest  parts  of  this  mecliani»ni 
AW  buuad  loguthcr  by  one  subtle  yet  all-powerfu!  tie.  No- 
tiuDgof  tlii.t  b  visiblu  in  a  macliine.  In  a  machine  the 
I  nateiial  is  so  far  uf  secondary  importance  that  it  may  be 
I  bjr  materiala  of  various  kinds:  a  pulley  may  he 
a,  heini>en  cord,  a  silken  cord,  vr  an  iron  chain  ;  a 
f  be  wood,  iron,  copper,  brass,  or  steel ;  the  actions 
B  be  similar.  Not  so  the  oi^auic  mechanism : 
I  digbtest  variation,  either  in  composition  or  ijitimate 
Uncture,  will  ufTect,  and  may  frustrate  the  organic  activity. 
It  a  only  in  the  skcletou  that  the  specific  character  of  the 
"'■nnh  may  ho  changed ;  and  here  only  in  the  substitution 
<j  one  phusjihate  for  another  in  the  solid  ma^aonry.* 

80.  Another  marked  characteristic  of  the  organjem  is  that 
t  hai  a  connexiis  of  actions,  the  simultaneous  eSect  of  a  con- 
tuiMHis  evolution,  appearing  in  stages  and  ages.  And  in  the 
uiical  organism  there  is  a  ccntsensm  as  well  as  a  connatuit, 
thtDagh  which  there  is  evolution  of  Mind ;  and  in  the  Social 
liT^niBm  au  evolution  of  Civilisation.  This  consensus  fonus 
a&  intennediate  stage  through  which  iho  animul  actions  ate 
■eDSitive  as  well  as  nutritive,  and  the  nutritive  are  regulated 
bj  Ibr  wnsilivu.  It  is  obvious  that  nothing  like  this  is  to 
be  found  in  a  machine ;  and  we  conclude,  therefore,  that  any 
new  of  the  ot^nisiu  vhich  regards  its  mechanism  without 
takiag  is  these  cardinal  characteristics  must  be  radically 
defective.  We  no  more  deny  the  existence  of  mechanical 
pbaunena  in  denying  that  the  organism  is  Hke  a  machine, 
Una  ve  doDj  the  cxisti>ncc  of  chemiud  phenomena  in  deny- 
ing that  VitAlity  is  cheniicaL 

*  iL  ViMiixxii  Papiixuk  Iiiii  sliown  tliat  snimkla  maj  b«  fed  with 
fiwl  daprtvn]  of  [•LutphatK*  of  limu  if  tu  |>lucu  ii  supplied  wiih 
■^(Ma*,  ■tronii*.  or  Bluiiiiiiiu;  ihay  miikit  iLcir  huaus  uut  of  tlirnt 
i*«M  of  Umt.  Uut  Di>  liUGU  (ubaiitulioD  is  [ititaiUi-  iti  piuitclr,  nvrvv, 
o*  ()«»d  ;  WB  coMiot  ri<]iliice  the  j.hmjihAte  tif  mB^eaiu  in  niuaclM  liy 
'  uun,  lima,  or  pvluti,  u»  we  can  replace  Uiu  imn  uf  « 
tl  Ijr  ateel,  ca|fi>«r,  oc  Wjhl 
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CHAPTER  IV. 

THE  PROPERTIES   AND   FUNCTIONS. 

81.  The  terms   Property  and  Function  are  not  always 
used  with  desirable  precision.    There  is,  however,  a  markel 
distinction  between  the  property  which  characterises  a  tissue 
in  whatever  organ  the  tissue  may  be  found,  and  the  function 
which  is  exhibited  by  an  organ  composed  of  several  tissues. 
We  ought  never  to  speak  of  a  function  unless  we  imply  the 
existence  of  a  correlative  organ ;  and  it  is  therefore  incorrect 
to  speak  of  the  function  of  Nutrition,  since  all  the  tissues 
nourish  themselves;  but  we  may  speak  of  certain  organs 
as  special  instruments  in  facilitating  Nutrition.     Thus  also 
with  Respiration,  usually,  but  not  accurately,  spoken  of  as 
the   function   of  the  lungs;    the  lungs   being   simply  the 
most  effective  of  the  instruments  by  which  the  interchange  of 
gases  (which  also  takes  place  in  every  tissue)  is  facilitated. 
If  by  Respiration  we  mean  Breathing,  then,  indeed.  Respira- 
tion is  the  function  of  the  lungs ;  if  we  mean  the  absorption 
of  oxygen  and  the  exhalation  of  carbonic  acid,  Respiration 
is  a  general  property  of  vital  tissue.     A  fragment  of  muscle 
removed  from  the  body  respires,  so  long  as  its  organisation 
is  intact ;  but  it  does  not  hreathc — it  has  no  accessory  instru- 
ments, nor  does  it  need  them.    The  co-operation  of  nerve 
centres,  diaphragm,  ribs,  circulating  system,  &c.,  necessary 
in  the  complex  organism  to  bring  tlie  due  amount  of  oxygen 
to  the  tissues,  and  convey  away  the  carbonic  acid,  is  here 
needless.     In  the  ascending  animal  series  we  find  this  neces- 
sity growing  with  the  complexity  of  the  organism.      The 
whole  skin  respires  in  the  amphibia,  and  to  some  extent  in 
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frog  will   live  for  ten  or  fourteen  days  aft«r 

litir;«tioD  of  its  lungs,  tho  skin  respiring  sufficiently  to  keep 

I  Bp  I  fecl>te  Wtality.     Bub   the  skin  does  not  suflice ;   Rud, 

I  Tery  oirljr,  certain  portions  are  specialised  into  organs  (at 

I  firs  in  tbe  shape  of  external  gills,   and  finally  as  internal 

lnii(;s),  fnr  the  oiore   energetic,   because   more   specialiaed, 

[  pfifonnanoe  of  this  office.     In  the  simpler  organisms  the 

Mind  is  easily  reached  by  the  air ;  therefore  no  instrument 

r  it  nntdud.      In  priniilive  socii?ties   the   transport  of  gootls 

I  it  effected  by  men  aud  women  carrying  them;  in  civilised 

s  by  the  aid  of  horses  and  camels,  and  waggons  drawn 

;  till  finally  tliese  are  insu  FTicient,  and  railways  aii3 

cnil«d,  whose  power  of  transport   transcends   the   earlier 

wtboda.  u   the    breathing  of    a   mammal   transCL'uds   the 

KtfiiBlioaof  a  mollusc     Dreatliiug  is  the  special  function  of 

u  organ — Uie  lungs  (or  more  strictly,  tbe  thoracic  apparatus) 

— ••  Railway  Tnin8i>ort  is  a  special  social  function.    Although 

BKb  of  the  tissues  forming  thia  organ  can,  and  does,  exhale 

arhonic  acid  and  absorb  oxygen — and  each  of  the  railway 

Krvtots  can,  anil  does,  transport  objects   to  and   from   the 

iocomotive — yet  the  main  work  is  thro«-n  uiwn  ibe  special 

ifipuittua. 

82.  What  is  meant  by  properties  of  tissue  and  fuiic- 
tioM  of  oTfjans  may  be  thus  illustrated.  Let  us  suppose 
oKneliTM  invest  i)^iliiig  tbe  structure  of  a  ship.  We  find 
It  ooBi)M»ed  of  various  materials  —  wood,  iron,  copper. 
Wop,  DSOftts,  &C. ;  and  these  under  various  coitfi^uratimis 
«n  fwued  into  particular  parts  serving  particular  pur- 
jvmtM,  such  as  deck,  masts,  anchor,  windla^ts,  chains, 
npet,  tails,  &c.  In  all  theise  parte  the  maU.'rials  prt" 
Km  their  proj>erties ;  and  wherever  wood  or  irun  aiay 
Iw  plttceil.  whatever  purpose  the  part  may  serve,  the  pro- 
pettiea  of  w(>o<)  and  iron  an;  unalTected  ;  and  it  is  through 
a  oombuiation  of  lliese  properties  that  the  jtart  is  effective ; 
while  throui:li  the  cmncction  of  one  part  with  another  tbe 
|MirpMe  becomes  realised.  The  purposes  to  which  masta, 
rope*,  or  aails  are  subaervieot  may  he  called  their  functions ; 
■ad  Umk  of  course  only  exist,  as  suck,  in  tbe  ship.     It  is  the 
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same  with  the  organism.  We  find  it  composed  of  various 
Tissues,  and  these  are  combined  into  various  Organs  or 
Instruments.*  The  properties  of  Tissues  remain  the  same, 
no  matter  into  what  Organs  they  may  be  combined ;  they 
preserve  and  exert  their  physical,  chemical,  and  vital  pro- 
I)erties,  as  wood  and  iron  preserve  their  properties.  Each 
Tissue  has  its  characteristic  quality ;  and  the  Organ  whidi 
is  constructed  out  of  a  combination  of  several  Tissues,  more 
or  less  modified,  is  effective  solely  in  virtue  of  these  pro- 
perties,t  while  the  Function  of  that  organ  comes  into  play 
through  its  combination  with  other  organs.  For  example, 
muscular  tissue  has  a  vital  property  which  is  characteristic 
of  it,  Contractility  ;  and  muscles  are  organs  constituted 
by  this  tissue  and  several  others  ;|  such  osgans  have  the 
general  function  of  Contraction,  but  whether  this  shall  be 
specially  manifested  in  the  beating  of  the  heart,  the  wink- 
ing of  the  eyelid,  the  movement  of  tlie  chest,  or  the  varied 
movements  of  the  limbs,  will  depend  on  the  anatomieal 
connections.  The  reader  unfamiliar  with  Biology  is  requested 
to  pay  very  particular  attention  to  this  point ;  he  will  find 
many  obscurities  dissipated  if  he  once  lays  hold  of  the 
'*  principal  connections." 

82a.  Although  Bichat's  conception  was  of  great  value,  it 
was  not  sufficiently  disengaged  from  the  metaphysical  mode 
of  viewing  biological  phenomena.     Both  he  and  his  disciples 

*  Anatomy  resolves  the  Tissues  into  Organites  (cells,  fibres,  tubes) ; 
here  its  praviuce  ends,  and  that  of  Chemistry  begins  by  pointing  out 
the  molecular  composition  of  the  Organites. 

t  This  luminous  conception,  though  vaguely  seized  by  Pinel,  wm 
first  definitely  wrought  out  by  Bichat.  See  his  Rechcrches  sur  la  VU 
U  la  Mori — and  especially  his  AncUomie  Genirale,  1812,  L  p.  Ixx.  It 
was  one  of  the  most  germinal  conceptions  of  modem  times. 

t  Just  as  there  go  other  materials  besides  Ciinvas  to  make  a  sail,  toA 
others  besides  iron  to  make  a  windlass,  so  there  go  other  tissues  besides 
the  muscular  to  form  a  muscle — there  is  the  membranous  envelope,  the 
nerve,  the  blood-vessels,  the  lymphatics,  the  tendon,  and  the  fat  Even 
in  Contraction  there  is  another  property  involved  besides  the  Contrac- 
tility of  the  muscular  element,  namely,  the  Elasticity  of  the  fibrous 
wall  of  the  muscular  tube  ;  but  Contractility  is  the  dominant  property, 
and  determines  the  speciality  of  the  function. 
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bfl  found  treating  Properties  as  entities,  and  invoking 
iWm  as  cauMt  of  the  phenomena  instead  of  recognising  tbem 
iiai]j!y  as  al>stra<:t  tijiressiovs  of  the  phenomena.  Readers  of 
my  Firet  Siiriea  will  remeral^T  how  often  I  have  had  occasion 
tu  point  out  this  common  error:  men  having  baptized 
nbwrvml  facts  with  a  comprehensive  name,  forget  the  pro- 
cHs  of  baptism,  and  eui)po8e  the  name  to  represent  a 
ayslerious  agency.  Tlie  fact  that  gases  combine  is  expressed 
la  the  t«nn  atEiDity;  and  then  Affinity  is  underatimd  to  be 
tie  cause  of  the  combinations.  The  fact  tliat  bodit^s  t«iid 
inwiU  i;ach  other  is  called  thf  tr  gravitation,  and  Gravitation 
a  [Iwn  Mild  to  cause  the  tendency.  The  doctrine  of  vital 
;tijj«rti«  has  l)eea  thus  misunderstood.  While  no  one 
■lii^ineB  that  he  can  operate  on  affinity  othcnvise  than  by 
'|«ntjng  on  the  known  conditions  under  which  gases  com- 
1.10a,  muty  a  bioIu<;ist  and  physician  speaks  as  if  he  could 
ilOTtto  on  (he  Irritaliility  of  a  tisane,  or  the  Co-ordination  of 
UiudcK,  \ij  direct  action  on  these  abstractions. 

Let  it  be  therefore  once  for  all  expressly  stated  that  by  the 
jTOperty  of  a  tissue  is  simply  meant  the  constant  mode  of 
^vtio*  (^  that  tusue  vtuler  definite  amditioTts.  Tile  property 
1^'  not  a  canae.  other«'ise  than  the  conditions  it  expresses  are 
'  'Juan.  And  tlie«e  conditions  are  first  tliose  of  the  organised 
''.ractotD  JL-wlf.  nnd  secondly  those  of  the  medium  in  which 
:  Vim.  Oxvyen  unites  with  Hydrt^n  to  form  water,  but 
■At  ander  certain  pressures ;  so  likewise  nmscles  manifest 
"Htractility  on  being  stimulated  (that  is  their  mode  of 
'motion),  Imt  only  undvr  certain  degrees  of  temperature, 
unwlily,  and  a  certain  cheiniciil  composition  of  the 
;  luanodK.  The  pro[icriy  is  so  truly  on  cxpressicm  of  the 
MifNiratit  conditions,  Uutt  it  is  found  to  vary  with  those 
(xIitiiiDs,  and  to  vanish  wlieu  they  vary  beyond  a  certain 
(■lit 

An  Attcnipt  has  been  made  to  restrict  the  notion  of  a 
[  r>i>erty  to  an  ultimate  fact,  Wliatever  is  not  a'ducible  to 
Vu>wii  conditions  is  to  be  acccpt«d  as  a  property.  Coinbmt- 
tkm,  fffr  example,  is  reducible  to  the  molecular  combination 
I  uid  »ume  other  gas;  but  this  combination  itself 
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is  not  reducible,  and  it  is  therefore  christened  affinity.  I 
cannot  accept  this  view.  Admitting  our  inability  to  say 
why  gases  combine  under  certain  conditions  (and  in  this 
sense  all  facts  are  inexplicable  and  ultimate,  unless  we 
take  the  how  as  ample  explanation  of  the  why),  I  must  still 
say  that  since  affinity  itself  depends  on  the  co-operation 
of  known  <;onditions,  it  is  not  less  explicable  than  com- 
bustion. But  the  point  is  unimportant :  what  we  have  here 
to  settle  is  the  meaning  of  a  property  of  tissue, — and  that 
is  the  mode  of  reaction  wliich  that  tissue  manifests  imdcr 
constant  conditions,  internal  and  external. 

83.  The  evolution  of  Life  is  the  evolution  of  special  pro- 
perties and  functions  from  general  properties  and  functions. 
The  organism  rises  in  power  as  it  ramifies  into  variety.  Out 
of  a  seemingly  structureless  germinal  membrane,  by  succes- 
sive differentiations  certain  portions  are  set  apart  for  the 
dominant,  or  exclusive,  performance  of  certain  processes; 
just  as  in  the  social  organism  there  is  a  setting  apart  of 
certain  classes  of  men  for  the  dominant  or  exclusive  per- 
formance of  offices,  which  by  their  co-operation  constitute 
Society.  The  soldier  fights,  but  /seases  to  build  or  reap, 
weave  or  teach ;  the  mason  builds ;  the  agricidturist  sows 
and  reaps ;  the  priest  and  thinker  teach ;  the  statesman 
governs.  In  simple  societies  each  does  all,  or  nearly  all; 
but  the  social  life  thus  manifested  is  markedly  inferior  to 
the  energetic  life  of  a  complex  society.  So  with  organisms. 
An  amoeba  manifests  the  general  properties  of  Nutrition, 
Eeproduction,  Sensibility,  and  Movement  But  it  has  no 
special  organs,  consequently  no  special  functions.  The 
polype  has  a  certain  rudimentary  specialisation  of  parts :  it 
has  a  simple  alimentary  cavity,  and  prehensile  tentacles; 
and  although  by  these  it  can  seize  and  digest  its  prey,  it  can 
only  do  so  in  a  limited  way — all  the  manifold  varieties  and 
power  of  prehension  and  digestion  observed  in  more  complex 
organisms  are  impossible  with  such  organs  as  the  polype 
possesses. 

84.  Differences  of  structure  and  connection  necessarily 
bring  about  corresponding  differences   in  Puuction,   since 


iffgiiction  ii  the  direrUd  ener'/i/  of  the  Propertiea  of  tissues. 
r  One  organ  will  ciifTer  from  migther  in  stnicture,  as  the  liver 
bom  the  pancreas,  or  the  kidney  from  the  spleen ;  or  one 
orj^n  may  dosoly  reaemlile  another  but  differ  from  it  only 
in  amaaiums,  aa  n  sensory  and  fi  motor  nerve,  or  an  extensor 
«d  a  flexor  muscle.  We  must  llierafore  always  bear  both 
yoina  in  mind.  Every  modification,  stnititural  or  con- 
iitctioaal,  is  tranalated  by  a  correa ponding  modification  in 
'.'■:•'  office.  The  hand  and  the  foot  show  this  well.  The 
.-•^Ks  am  thu  same  in  both,  the  properties  are  the  same, 
:(j,i  b-ith  have  the  same  general  function  of  Prehension ;  but 
iiiir  m^Tjihotogical  differences  carry  corresponding  differences 
a  their  uses. 

Sappoee  we  have  a  galvanic  battery,  we  know  that  its 
fltrtrii!  force  may  be  variously  applied.  Two  pieces  of  char^ 
"aI  fixed  to  the  ends  of  iu  conducling  wires  give  us  the 
-t'-^ric  light;  replacing  the  charcoal  by  a  telegraphic  appa- 
j' tin  we  can  transmit  a  message  from  one  continent  to  the 
irfir;  the  wires  dipped  in  a  solution  effect  a  chemical 
ilrcotnposition,  dipjed  into  a  mixture  of  gases  tlicy  effect  a 
djonical  composition.  In  these,  and  many  other  applica- 
'■iftn.  tht>  pmi-crty  of  the  battery  is  constant ;  but  the  func- 
.  jtn  it  subsirrvca  have  varied  with  the  varying  co-operants. 
>•  with  th«  |>r>ii«rti(;8  of  tissue.*  Not  only  have  we  to  Viear 
r:  mind  the  organic  conrtectJons  of  the  ti^ues,  but  also  the 
i' Lilian  of  the  organs  to  their  media.  Swimming  and  Wallc- 
i.^.fur  example,  an>  both  functions  of  the  locomotive  apparn- 
!ni,  but  Uiey  are  3[>ecially  differenced  by  the  media  in  which 
tile  uiimat  moves. 

86,  The  pro[>erliefl  of  ti'^sues  are  their  pectiliar  modes  of 
faction,  and  each  tissue  has  its  dominant  characteristic,  sucli 
u  the  Contractility  of  the  muscle,  and  the  ffeurility  of  the 
Ktra.     But  th«ro  has  of  late  yeais  sprung  up  a  misleading 

*  •■  L'MAmtMit  inu>cukire  i*ut  fltto  nnneri  i  nne  foiile  de  nificoniiniM 

tu»  I  UuttAi  i  un  «,  Uuttiil  it  un  int^wlin,  tanlM  4  uno  V[^sai«,  tantM 

■  ua  iroiMcan,  uni^t  i  nn  ccimluittixcr^tenr,  tantSt  enliii  \  itMaptwrvila 

'•«t  4  Uit  fpfcUux  4  Mn&ines  ta{>tce«  d'aniiiiAiii."— CtAUDK  Bkrharu: 

Itqifiert  tmr  Ut  t^yrft  tU  Ja  Phgiiatoyi*  gtnlniU,  i  NG7,  \i.  3S. 
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conception,  partly  a  consequence  of  the  cell  -  theory,  and 
partly  of  the  almost  inevitable  tendency  of  analysis  to  dis- 
legard  whatever  elements  it  provisionally  sets  aside;  this 
conception  is  the  removal  of  the  property  from  its  tism^ 
and  the  localisation  of  it  in  one  of  the  organites-^cell  or  fibre. 
This  has  been  conspicuously  mischievous  in  the  case  of  the 
nerve-cell,  which  has  been  endowed  with  mysterious  powers, 
and  may  be  said  to  have  usurped  the  place  of  nerve-tissue. 
I  shall  have  to  speak  of  this  in  the  next  problem.  Here  I 
only  warn  the  student  against  the  common  error.  The  pro- 
perties of  a  tissue  depend  on  the  structure  and  composition 
of  that  tissue,  together  with  its  plasniode  and  products ;  they 
vary  as  these  vary.  To  select  any  one  element  in  this  com- 
plex, and  ascribe  the  reaction  of  the  tissue  to  that,  is  only 
permissible  as  a  shorthand  expression. 

86.  What  has  just  been  expoimded  may  be  condensed  in 
the  following  biological  law : — 

Identity  of  tissue  everywhere  iviplies  identity  of  property; 
and  similarity  of  tissue  corresponding  similarity  of  j/roperiy. 
Identity  of  organic  connection  everywhere  implies  identity  of 
function ;  and  similarity  of  organic  connection  similarity  of 
function, 

87.  This  law,  first  formulated  by  me  in  1859,  and  then 
applied  to  the  interpretation  of  nervous  functions,  was  so 
little  understood  that  for  the  most  part  it  met  with  either 
decided  denial  or  silent  neglect;  no  doubt  because  of  the 
general  disinclination  to  admit  that  the  properties  and  func- 
tions of  the  spinal  cord  could  be  similar  to  those  of  the  brain, 
in  correspondence  with  the  similarity  of  their  tissues  and 
oi^anic  connections.  Even  Professor  Vulpian,  who  adopted 
it,  as  well  as  my  principal  interpretations,  hesitated,  and 
relapsed  into  the  orthodox  view  in  assigning  three  different 
properties  to  one  and  the  same  tissue  in  cord,  medulla 
oblongata,  and  cerebrum.*    In  the  course  of  our  inquiries  we 

*  Vulpian:  Lemons sur  la  Phynoloyie  du  Systeme  NerveuXy  1866,  p.  581. 
In  a  work  just  published  I  find  M.  Luys  hesitatinij;  at  the  consistent 
application  of  this  law.    After  pointing  out  the  identity  of  the  tinue 
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iqaently  imvo  to  invoke  lln's  Inw  that  I  earnestly 
kthp  Kiwier  Ln  meditate  upon  it,  and  ask  himself  upon 
It  oilier  gmun'is,  srtve  those  of  structure  nud  connection, 
^  pTo])eRie9  and  functions  can  possibly  rest?  If  on  un 
t;  then  aiinilarity  in  stnicture  and  connectiou  Viy  logical 
iiity  involves  Biinilarity  in  property  and  function. 

DOF-"*  TITK   KtSCTtON   DETEBMIN'K  TIIE   OKGAN  ? 

.  Closely  connected  with  thb  law,  which  simply  for- 
ties the  sclf-fvident  principle  thit  every  aetimi.  ie  rigor- 
^  lUUrminfci  bi/  the  vature  of  the  agent,  and  the  conditions 
r  whieh  the  act  lukea  p!w:e,  is  the  euqirising  question 
functions  are  dependent  uptjn  oi^nns,  or  organs 

iduit  on  functions  ? — a  question  wMch  sometimes  takes 

Ihfi  ibipe :  Is  Life  the  result  of  oi^anisation,  or  is  organisa- 
bui  the  reauU  of  Life  f 

The  vitalist,  who  holds  that  Life  is  an  extra-organic 
■gant,  is  lo^cat  in  declaring  organisation  to  be  the  conse- 
penee  of  LtFe;*  but  there  are  many  organicists  who  con- 
certain  facts  that  organs  are  developed  by 
[  that  OTyanisnlion  is  a  result  of  Life.  There 
",  to  l>e  some  equivoque  here.  1  cannot  other- 
lud    how   Mr.   Spencer  should   have  written: 

•pin*l  coTtt,  he  is  only  |)r(^[>(trei]  to  niiy  that  we  ciiiiiiot 
I M)  impiuiihility  in  lutniitting  phvsioli^cnl  cqiiivalenco 
norplinlugluil  eiiuivnlence.— Ldts  :  Aetitnu  lUJUxu  du 
p,  14. 
htG«ilK  ttwn  converted  the  result  into  a  principle,  and  sup- 
Lira  prKeilM  the  Orj^nnism,  that  they  were  led  lo  ]iuulc 
nrer  fnch  facta  m  Ihe  continuance  of  vilnlily  in  dtviJeil 
AAtBTOTLB  felt  tlie  force  of  the  objeclion  1  "  I'Untg  when 
M«n  to  live,  anil  no  are  certain  insects,  aa  it  itill  pouefs- 
H   Vit*l   Priuciple  (^^vx■i)  considerpd  (peoiftcally  (t*  tOtt) 
tbe  Miiir  nuiDcrically  (jtft  iiHSiKf),     Each  of  theae  purls  hnn 
III  If^enmotion  for  b  time  ;  and  therti  i«  no  room  for  »uriiriM 
t  cnniiiiuing  to  nianifeot  llicse  properties,  teeing  that  the 
fiit  their  preservation  are  absent" — Dt  Anima.  Hli.  i.  eh. 
KiMO:  Philw.  A'attratit  oiivtrrut  A  riiKtdtm,  AiiisterdBiii, 
1;  and  Tauhulvs:  Cfmtra  Ctrialpinum,  1650.  p.  S50; 
grappling  with  th«  difficulty  so  Bnnly  u  AniRTOTLi. 
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"There  is  one  fact  implying  that  Function   must  be  re- 
garded as  taking  the  precedence  of  Structure.     Of  the  lowest 
rliizopods  which  present  no  distinctions  of  parts,  and  never- 
theless feed  and  grow  and  move  about,  Professor  Huxley  has 
i*emarked  that  they  exhibit  Life  without  Organisation."*   The 
equivoque  here  arises  from  the  practice  of  calling  all  living 
bodies  "  organisms,"  even  those  destitute  of  the  differentia- 
tions called  organs ;  but  if  we  substitute  the  tenn  "  living 
body  "  in  lieu  of  "  organism,"  the  equivoque  will  disappear, 
and  Function  no  longer  seem  to  precede  Structure.     Neither 
Mr.  Spencer  nor  Mr.  Huxley  would  aflfirm  that  Life  can  be 
manifested  without  a  living  body;  and  every  living  body 
must  have  a  structure  of  some  sort — unless  by  structure  be 
meant  a  special  configuration  of  parts.    The  properties  of  a 
body,  whether  it  be  simple  or  complex  in  structure,  result 
from  the  properties  of  its  components ;  and  the  vital  pheno- 
mena vary  with  these  varying  components.     The  substance 
of  a  Ehizopod  is  indeed  simple  as  compared  with  that  of 
higher  organisms,  but  is  complex  as  compared  w-ith  anor- 
ganisms ;  and  corresponding  with  this  simplicity  of  structure 
there  is  simplicity  of  vital  iunction.f 

89.  The  properties  of  steam  are  exhibited  by  the  kettle  on 
the  fire,  no  less  than  by  the  gigantic  engine  which  animates 
a  manufactory ;  but  the  %cses  of  steam  (the  functions  of  the 
engine)  vary  with  the  varying  structure,  and  the  applications 
of  that  structure  to  other  structures.  Precisely  analogous 
is  the  case  of  the  organ  and  its  function,  in  relation  to  the 
living  substance  of  wliich  it  is  a  peculiar  modification.  Vital 
actions  are  manifested  by  a  lump  of  protoplasm ;  but  these 
actions  are  as  shai-ply  demarcated  from  the  actions  of  moie 
higlily  oi-ganised  animals,  as  the  phenomena  of  a  steaH^' 
engine  are  from  those  of  a  tea-kettle. 

90.  Mr.  Spencer  has  nowhere  defined  what  he  means  l^y 
Structure,  nor  given  a  definition  of  Organ,  and  this  negleC^ 
makes  it  difficult  rightly  to  appreciate  his  view.    But  wlietb^^ 
we  take  structure  to  signify  the  substance  of  the  living  body,  ^* 

•  Spencer:  Principles  of  Biology  y  1864,1.  153. 
t  Comp.  Lamarck  :  Vhilos,  ZooL,  ii.  114. 
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1^  iifrmUiaticM  of  Uint  substance  into  separate  tissues  and 
I,  in  ciUicr  cose  the  actions  (runctiuiis)  of  wLich  tliis 
■AnclDre  is  the  agent  nmst  be  rigorously  detemmied  by  it. 
Mr.  Spencer  has  avowed  this  in  declariug  that  the  "general 
jilo^t  may  consider  fiinctionB  iii  their  widest  sense 
■  t&e  corrotatives  of  tissue."  Is  this  true  iu  the  widest 
I  not  true  in  the  narrowest  ?  I  am  puzzled  to  find 
;  that  "  runction  from  ttegiuning  to  end  is  the 
bg  oanse  of  Rtnicture.  Kot  only  ia  this  manifestly 
tnewheri)  the  modificalion  of  structure  arises  by  reaction 
/"«  modification  of  function;  but  it  is  also  true  where  a 
ni>-Ii6cat»on  of  structure  otherwise  produced  apparently 
iaiCiktos  a  modification  of  function."  Such  language  would 
W  ninsisl«nt  wure  he  a  vitalist  who  believed  iu  a  Principle 
iadqwudcnt  of  Klattor  which  shapes  matter  into  organic 
f«n*;  Iwit  lis  a  |>os)tive  thinker  he  can  scarcely  escape  the 
afintiaiiou  that  since  Fnnction  is  the  aclivity  of  the  Agent 
function  in  the  widest  sense  being  the  action  of  the  whole 
(it^anifiui,  and  in  its  natrowest  sense  the  action  of  the  special 
'>tg«ii)  there  cannot  be  an  activiti/  prrrfding  (hf  agfnt.  1 
nupect  that  lie  does  nut  always  bear  in  niind  the  distinc- 
lioo  between  Property  and  Function,  and  eonsequeutly  is  led 
iato  itatmnents  at  variance  with  the  ]>riuciples  he  professes. 
As  far  u  I  utiden^tand  the  course  of  his  thought,  it  runs 
Kfncwbat  thus;  With  the  increased  use  of  an  organ  its 
tnlume  may  be  increased,  its  stnicture  altered ;  this  altera- 
tion will,  by  reaction,  cause  alterations  iu  other  organs,  and 
thus  tlic  n^snlt  of  a  change  in  the  habitual  activities  of  an 
■niiual  will  te  an  alteration  in  the  aiTaugement  of  its  parts. 

9L  Wij  iiticak  loodidy  of  an  oiyan  being  developed  by 
iucimsud  activity;  but  this  is  loose  speech,  and  investigation 
tlwiws  that  the  organ  is  not  developed  hy,  but  accompanies 
thp  iiiereaB4Ml  activity,  every  increment  of  activity  being 
nfiimrily  prrcoded  by  a  corresponding  increment  of  struc- 
(UK.  Tbia  is  uvidenl  d  priori:  the  force  manifested  is 
inherent  in  the  stnicture  manifesting  it.  Thus  we  ought  not 
Iu  «y  "  the  vascular  system  furnishes  good  instnnces  of  the 
lacreasetl  growtli  that  fUivict  iiicreaacd  function ;"  we  oiiglit 
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to  say,  "that  permits  increased  function."  The  muscle 
having  a  contractile  power  represented  by  lo,  expends,  we 
will  suppose,  7  units  of  force  in  its  normal  activity,  and 
these  are  replaced  by  its  normal  nutrition.  If  from  an 
extra  demand  upon  it  9  units  are  expended,  the  muscle 
becomes  fatigued,  if  10,  exhausted,  and  it  will  no  longer 
contract,  the  whole  disposable  sum  of  its  contractility  being 
dissipated.  During  all  these  stages  the  structure  of  the 
muscle — or  to  prevent  all  equivoque,  let  us  say  the  substance 
of  the  muscle — ^has  been  changing,  not  indeed  in  any  degree 
appreciable  to  the  eye,  but  appreciable  by  the  more  decisive 
tests  of  chemical  and  physiological  reactions.  Yet  inasmuch 
as  in  the  ordinary  course  of  things  the  waste  is  quickly 
repaired,  the  muscle  in  repose  once  more  regains  its  original 
state,  once  more  represents  10  units  of  contractility.  Now 
let  us  consider  what  takes  place  when  extra  labour  is  thrown 
upon  the  muscle,  when  exercise  causes  growth.  At  the 
outset  of  a  walking  tour  we  may  not  be  able  to  compass 
more  than  twenty  miles  a  day,  at  its  close  we  manage  thirty. 
Is  it  the  increased  activity  of  the  function  which  has  caused 
tliis  increase  of  structure  ?  In  one  sense,  yes ;  but  let  us 
understand  it.  Had  the  increase  of  activity  been  temporaiy, 
there  would  have  been  only  a  temporary  increase  of  struc* 
ture.  But  when  the  ordinary  expenditure  of  7  units  rises  to 
9,  on  several  successive  days,  this  extra  expenditure  of  tissue 
has  had  to  be  met  by  an  extra  nutrition — i.e.,  more  plasmode 
has  been  formed  and  more  protoplasm.  It  is  a  physiological 
law,  easily  explained,  that,  within  due  limits,  extra  waste 
brings  about  extra  repair :  as  the  channels  are  widened  and 
multiplied,  the  derived  currents  become  stronger,  and  the 
increased  flow  of  nutrition  which  was  temporary  becomes 
permanent,  because  this  increjwe  is  no  longer  dependent  on 
an  extra  stimulus,  but  on  an  enlarged  channel.*  When  the 
channels  have  not  become  multiplied  or  enlarged,  which  must 
be  the  case  whenever  the  extra  stimulus  is  fluctuating  and 
temporary,  the  extra  expenditure  is  not  followed  by  increased 

•  Comp,  Spencer:  op.  cit,  ii.  362,  363,  for  good  illuetratioiu  of 
this. 
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la  o{  i])e  muscle :  the  cuiTt'iita  resume  their  old  directions, 
ij"  longer  being  divurted. 

82;  Lrt  ilm  social  organism  furnisU  us  with  an  ilhiatra- 
uua.  At  the  present  moment  there  is  a  movement  against 
'■itt  retail  sJiojikeepers  of  London  in  favour  of  Co-operative 
^  Mtrs.  TTiu  stimulus  of  gi'lting  better  goods  and  cheaper, 
y.tr.xU  the  flow  of  custom  from  its  old  channels;  and  if 
'lot  eontinue  a  certain  time  the  new  arrangements  will  be 
M  thoTDUgUy  organised,  and  will  work  so  easily,  that  Co- 
iipemlive  Stores  will  to  a  great  extent  supplant  the  retail 
'iit^ia.  Bat  if  from  any  cansea  the  stimulus  slackens  before 
iii»  colonisation  has  passed  from  the  oscillating  into  the 
.:'-ntiAneut  stage — if  the  goods  arc  not  found  to  be  superior, 
>'i  the  cheapness  not  worth  the  extra  trouble — the  old  influ- 
-aca  [aiding  our  indolence)  which  have  been  long  and  con- 
'jn9uiu>ly  at  work,  will  cause  the  social  organism  to  resume 
i-'  'liii  aspej-t,  and  the  co-operative  "  varieties  "  will  disappear, 
:  i-xist  beside  the  ancient  "  species." 

Id  the  one  case  as  in  the  other  a  glance  at  the  process  is 
EOoiigh  to  detect  that  the  increase  in  the  activity  has  been 
{(heeded  by  a  corrt-sponding  increase  in  the  structure.  The 
•Btcle  has  not  been  enlarged  by  extra  activity,  but  with 
iL  TTw  co-ojKjrative  action  has  grown  with  each  additional 
to^jwntor.  Looking  at  tlie  cases  froni  afar  we  may  justly 
ny  that  development  has  lieen  due  to  function ;  but  looking 
111  ihtf  process  we  see  that  each  increment  of  activity  was 
Mcessanly  dependent  on  an  increment  of  substance.  When 
chaagBS  of  habit  or  aduptation  are  said  to  [iroduce  modifica- 
uoaa  in  structures,  tliis  is  tnie  in  as  far  as  one  modification 
ol  itmctun:  ncooaaarily  brings  with  it  correlative  modifica- 
linaa,  thu  growth  of  one  port  affecting  the  growth  of  all  more 
or  las ;  but  wc  must  rumember  that  to  render  the  structure 
-3[«ble  of  new  adaptations  corresponding  modifications  must 
ave  been  going  on.  Tlie  retail  shopkeepers  might  securely 
4ugh  ol  the  co-ojicmtive  movement  if  the  respectable  families 
MMild  not  or  could  not  become  co-opcrant.  When  Mr. 
SpBDoer  ut£t-8  that  "not  only  may  leaf-stalks  assume  to  a 
pot  ileff^  tti«  character  of  stems  ulieu  Lhey  have  to  dis- 
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charge  the  functions  of  stems  by  supporting  many  leaves, 
and  very  large  leaves,  but  they  may  assume  the  characters  of 
leaves  when  they  have  to  undertake  the  functions  of  leaves," 
1  would  ask  if  he  is  not  reversing  the  actual  process  ?  The 
stem  cannot  assume  the  functions  of  a  leaf  until  it  has  first 
assumed  the  character  of  a  leaf.  The  assumptions  of  both 
must  be  gradual,  and  pari  passu, 

93.  The  hand  is  an  organ,  its  function  is  prehension.    The 
performance  of  this  function  in  any  of  its  numerous  applica- 
tions is  rigorously  limited  by  the  structure  of  the  hand — the 
bones,  muscles,  nerves,  circulating  and  absorbent  vessels,  con- 
nective tissue,  fat,  &c.    Fatigue  the  nerve,  and  the  function 
will  be  feebly  performed;  exhaust  it,  and  the  function  ceases; 
diminish  the  action  of  the  heart,  tie  an  artery,  or  vitiate  the 
structure  of  the  blood,  and  the  function  will  be  correspond- 
ingly affected ;  stiffen  the  tendons,  soften  the  bones,  diminish 
the  synovial  fluid,  or  increase  the  fat — in  short,  make  any 
alteration  whatever  in  the  structure  of  the  hand,  and  an 
alteration  is  necessarily  produced  in  its  function.     So  rigor- 
ously is  function  dependent  upon  structure,  that  the  hand  of 
one  man  will  execute  actions  which  are  impossible  to  another. 
The  hand  of  a  baby  is  said  to  be  the  same  in  structure  as  the 
hand  of  a  man  ;  and  since  the  powers  (functions)  of  the  two 
are  notoriously  different,  we  might  rashly  conclude  that  here 
function  was  dissociated  from  stinicture.     The  case  is  illus- 
trative.    In  baby  and  man  the  structure  is  similar,  not  the 
same ;  the  resemblance  is  of  kind,  not  of  degree  ;  and  the 
function  likewise  varies  with  the  degree.     The  penny  cannoa 
which  delights  the  child  is  similar  in  structure  to  the  ten- 
pounder  which  batters  down  walls;  and  though,  speaking 
generally,  we  may  say  that  the  function  of  both  is  to  fir^^s 
gunpowder  for  human  ends,  no  one  expects  the  penny  canuo 
to  be  employed  in  warfare.     In  physiology,  as  in  mechanics 
the  effect  varies  with  the  forces  involved. 

There  can  lie  no  doubt  that  an  exaggerated  activity  wil 
I)roduce  a  modification  in  the  active  organ,  for  this  is  only  th^ 
familiar  case  of  increased  growth  with  increased  exercise,  anc^ 
this  is  the  biological  meaning  in  which  Function  can  be  saic^ 
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not,  JDileed,  to  creatt,  but  to  viodify  an  exiatitig  Oi-gan.  Pre- 
(tjiing  the  iiclivity  there  must  be  the  ageut,  Every  organ 
^libuiigl  liavtng  iU  special  function  Iins  also  the  properties  of 
ill  llic  tissues  wliicli  constitute  it.  The  function  is  only  the 
■fnilieais  of  these  properties  to  which  a  dominant  tissue  gives 
t  fecial  character.  The  eye,  for  example,  though  specially 
ijiinctensn]  by  ix»  retinal  sensibility  to  light,  is  largely 
oiiiiwed  witli  muscles,  niul  its  movements  are  essential  to 
Viikin.  The  iiit«8tim»l  canal,  again,  though  specially  cbarac- 
xmmA  by  its  secretions  for  tlie  decomposition  of  food,  lias 
iiiuschis  which  are  essential  to  Digestion.  In  many  animals, 
'ijwially  vege la bltj- feeders,  there  is  an  exaggeration  itf  the 
luiucular  activity  in  certain  parts  of  the  intestinal  canal 
which  is  only  possil>to  through  a  correspoiiding  development 
tj  the  muscular  tissue,  so  that  in  some  birds,  crustaceans, 
I  midlnscs  we  find  a  gi^zai-d,  whicli  is  wbully  %rithout 
I  membrane  to  aeerete  fluids,  and  which  aids  Diges- 
D  toldy  by  trituration. 

.  Mr.  Spencer,  as  I  have  already  suggested,  seems  to 
e  beon  led  into  his  view  by  not  keeping  distinctly  present 
1  U>v  tlilTerences  between  Properties  of  tissue  and 
frAe  activity  of  an  oi^n.  "  That  function  takes 
)  of  structure,"  he  says,  "  seeDis  implied  in  the 
i  of  life.  If  Life  consist  of  inner  actions  so  adjusted 
u  to  iMiIance  oatcr  actions — if  tJie  actions  are  the  suh^nce 
vl  Xiie,  wliilo  the  adjustment  constitutes  iU/orm  ;  then  may 
*c  not  ny  that  the  actions  formed  must  come  before  that 
vtiid)  forms  thorn — that  the  continuous  change  which  is  the 
UuB  «if  fouction  must  rouie  before  the  structure  which  brings 
tW  ftiaction  into  shape  ? "  The  separation  of  "  actions 
famed "  from  "  Uiat  which  forms  them "  is  inadmissible. 
Aa  ution  cannot  come  hr/ore  the  agent :  it  is  the  agent  in 
•U.  The  continuous  change,  which  is  the  basis  of  Vitality, 
Vl  a  chmnge  of  molecular  arrangements ;  and  the  organ  which 
pres  a  tpecinl  dirtdiim  to  the  vital  activity,  e.g.,  which 
•iHpts  tbo  pn>i>eny  of  Contractility  into  the  function  of 
Piebemion,  this  organ  must  itself  be  formed  before  it  can 
t  this  lection.    It  is  true  that  in  one  sense  the  organs 
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are  formed  by,  or  are  differentiated  in,  a  pre-existent  or- 
ganism ;  true  that  the  general  activity  of  living  substance 
must  precede  the  special 'activity  of  any  organ,  as  the  expan- 
sions of  steam  must  precede  any  steam-engine  action ;  but 
the  general  activity  depends  on  the  general  structure ;  and 
the  special  actions  on  the  special  structures.  If  by  Organisa- 
tion we  are  to  understand  not  simply  organised  substance, 
but  a  more  or  less  complex  arrangement  of  that  substance 
into  separate  organs,  the  question  is  tantamount  to  asking 
whether  the  simplest  animals  and  plants  have  life  ?  And  to 
ask  the  question,  whether  Life  precedes  organic  substance  ? 
is  tantamount  to  asking  whether  the  convex  aspect  of  a 
curve  precedes  the  concave  ?  or  whether  the  motions  of  a 
body  precede  the  body  ?  To  disengage  ourselves  from  the 
complicated  suggestions  of  such  a  word  as  Life,  let  us  consider 
one  of  the  vital  phenomena.  Contraction.  This  is  a  pheno- 
menon manifested  by  simple  protoplasm,  and  by  the  highly 
differentiated  form  of  protoplasm  known  as  muscle.  In  one 
sense  it  would  be  correct  to  say  that  Contractility  as  a  general 
property  of  tissue  precedes  Contraction,  which  is  specialised 
in  muscle.  But  it  would  be  absurd  to  say  that  muscndar  con- 
traction preceded  the  existence  of  muscle,  and  formed  it.  The 
contractions  of  the  protoplasm  are  not  the  same  as  muscular 
contractions  any  more  than  the  hand  of  a  baby  is  the  same 
as  a  man's ;  the  general  property  which  both  have  in  common 
depends  on  the  substance  both  have  in  common ;  the  special 
property  wliich  belongs  to  the  muscle  depends  on  its  special 
structure.  An  infinite  activity  of  the  contractile  protoplasm 
would  be  incompetent  to  form  a  muscle,  unless  it  were 
accompanied  by  that  peculiar  change  in  structure  which  con- 
stitutes muscle.  The  tea-kettle  might  boil  for  ever  without 
producing  a  steam-engine  or  the  actions  of  a  steam-engina 
That  which  is  true  of  one  function  is  true  of  all  functions, 
and  true  of  Life,  which  is  the  sum  of  vital  activities. 

95.  It  is  this  haziness  which  made  Agassiz  "regret  to 
observe  that  it  has  almost  become  an  axiom  that  identical 
functions  presuppose  identical  organs.  There  never  was  a 
more  incorrect   principle   leading  to   more  injurious    con- 
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And  elsewhere  be  firguea  that  organs  can  exist 
icLions.  Diit  this  is  obviously  to  pervert  the 
1  idea  of  an  organ.  "  Tlie  teeth  of  the  whale 
IT  eat  through  tlie  gums,  and  the  breasts  of  tlie  males 
of  oU  classes  of  Tnatumalia,"  are  cited  by  him  as  examples  of 
nch  organs  without  functions;  but  in  the  physiological 
I  lijinificdnce  of  the  term  these  aru  not  urgaus  at  all.  It  is  no 
T  to  be  expected  that  the  breasts  of  the  male  should  act 
I  is  UctatioD,  Uian  that  the  slackened  string  of  a  violin  should 
I  jielil  musical  tones;  but  the  breasts  of  ihe  male  maybe 
Ituily  simulated  into  yielding  milk,  and  the  slackened 
(  of  the  violin  may  be  tightened  so  aa  to  yield  tone. 
I  breasts  of  the  female  do  not  yield  milk  except 
I  conditions,  and  in  the  absence  of  these  are  on 
It  those  of  the  male. 
96.  Organised  substance  has  the  general  properties  of 
AwDiilaUOQ,  Evolution,  Sensibility,  and  Contractility ;  eacli 
fi  tli«  special  tissues  into  which  organised  substance  is 
diffentiitiated  manifests  a  predominance  of  one  of  these  pro- 
fettiea.  Thus  although  the  embryo-cells  all  manifest  con- 
tiKtility,  it  is  only  the  spedoliscd  muscle-cell  which  con- 
unoes  throughout  its  existence  to  manifest  this  property,  and 
in  a  dominant  form ;  the  muscle-cell  also  assimilates  and 
deTelofM,  but  besides  having  these  properties  in  common 
with  all  other  cells,  it  has  the  special  property  of  contracting 
with  an  i!QGt]gy  nut  found  in  the  others.  All  cells  respire ; 
but  thu  Uood-colla  liavu  Uiis  property  of  absorbing  oxygen 
to  a  degnw  so  far  surpassing  that  of  any  other  cell  that 
fliydottigists  have  been  led  to  sjjcak  of  their  containing; 
t  {wcuUar  respiratory  substance.  In  like  manuor  all,  or 
riy  all,  the  tituuiis  contain  myeline — wldch  indeed  is  one 
ibu  chief  constituents  of  the  yolk  of  eggs — but  only  in 
•  shoaUi  of  the  nerves  is  it  detached  and  specialised 


\  while  Sensibility  and  Contractility  are  general 

of    organiseil   substance,  specialised    in  special 

S«uBatiou  and   Contraction   are   functions  of    the 

'  AaUHIS  :  Kttag  on  ClatMifi<alion,  p.  91, 


7S  THE  PHYSICAL  BASIS   OF  MIND. 

organs  formed  by  such  tissues:  and  these  organs  are  only 
found  in  animal  organisms.  It  is  a  serious  error,  which  we 
shall  hereafter  have  to  insist  on,  to  suppose  that  Sensation 
can  be  the  property  of  ganglionic  cells,  or,  as  it  is  more  often 
stated,  the  property  of  the  central  grey  matter.  Sensation  is 
the  function  of  the  organism ;  it  varies  with  the  varying 
organ :  the  sensation  of  Touch  not  being,  the  same  as  the 
sensation  of  Sight,  or  of  Soimd. 

98.  We  may  consider  the  organism  under  two  aspects 
— that  of  Structure,  and  that  of  Function.  The  latter  has 
two  broad  divisions  corresponding  with  the  vegetal  and 
animal  lives ;  the  one  is  Nutrient,  the  other  Efficient.  The 
one  prepares  and  distributes  Food,  the  other  distributes 
Motion.  Of  course  this  separation  is  analytical.  In  reality 
the  two  are  interblended ;  and  although  the  neuro-muscular 
system  is  developed  out  of  the  nutritive  system,  it  is  no 
sooner  developed  than  it  plays  its  part  as  Instrument  in  the 
preparation  and  distribution  of  Aliment. 

This  not  being  a  treatise  on  Physiology  there  can  be  no 
necessity  for  our  here  considering  the  properties  and  functions 
in  detail.  What  is  necessary  to  be  said  on  Sensibility  and  Con- 
tractility will  find  its  place  in  the  course  of  future  chapters ; 
for  the  present  we  will  confine  ourselves  to  Evolution  on 
account  of  its  psychological,  no  less  than  its  physiological, 
interest. 
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CHAPTETE  V. 


T  organised  substance  has  tbe  property  of 
itsell'  by  assimilating  from  its  internal  medium 
there  present  in  an  unoi^anised  state,  and  that 
tiiii  is  Tollowed  by  a  development  or  differentiation  of  atnic- 
Uirt,  is  familiar  to  every  inquirer. 

Every  one  who  has  pursued  embryological  researclies,  ami 
in  t  leaser  degree  every  one  who  has  merely  read  about 
Ibmi,  mast  have  been  impressed  by  this  inarvel  of  marvels : 
HI  exceedingly  minute  portion  of  living  matter,  so  simple  in 
Mptct  that  a  line  will  ilefiue  it,  passes  by  successive  modi- 
lU  ioto  au  organism  so  complex  that  a  treatise  in 
iMJod  to  describe  it;  not  only  do  the  cells  in  which  the 
mm  lod  tlio  spermatozoon  originate,  pass  into  a  complex 
■{uisin,  reproducing  the  forms  and  features  of  the  parents. 
Ud  with  these  the  constitutional  [icculiarities  of  the  parents 
(iheit  longevity,  their  diseases,  their  mental  dispositions, 
My,  their  very  tricks  and  habits),  but  they  may  reproduce 
Jhe  form  and  features,  tlie  dispositions  and  diseases,  of  a 
ot  great-grandfather,  which  hail  lain  dormant 
h  the  father  or  mother.  Consider  for  an  instant  what  this 
inijliei.  A  microocopic  cell  of  albuminous  compounds, 
vhoUy  without  tnice  of  organs,  not  appreciably  distinguish- 
thle  from  millions  of  other  cells,  does  nevertheless  contain 
*ilhin  it  the  "  posHibilitiea  "  of  an  oi^:ani8m  so  complex  and 
»  spetinl  as  that  of  a  Newton  or  a  Napoleon.  If  ever  there 
*M  a  case  when  the  famous  Aristotelian  notion  of  a 
"piLential  existence"  seemed  justitied,  assuredly  it  is  this, 
Aad  altlioug]!  we  can  only  by  a  fallacy  maintain  the  oak  to 
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be  contained  in  the  acorn,  or  the  animal  contained  in  the 
ovum,  the  fallacy  is  so  natural,  and  indeed  so  difficult  of 
escape,  that  there  is  no  ground  for  surprise  when  physio- 
logists, on  first  learning  something  of  development,  were  found 
maintaining  that  the  perfect  organism  existed  already  in  the 
ovum,  having  all  its  lineaments  in  miniature,  and  only  grow- 
ing into  visible  dimensions  through  the  successive  stages  of 
evolution.*  The  preformation  of  the  organism  seemed  an 
inevitable  deduction  from  the  opinions  once  universal  It 
led  to  many  strange,  and  some  absurd  conclusions;  among 
them,  to  the  assertion  that  the  original  germ  of  every  species 
contained  within  it  all  the  countless  individuals  which  in 
process  of  time  might  issue  from  it ;  and  this  in  no  meta- 
physical "potential"  guise,  but  as  actual  boxed-up  existences 
{enihoitis) ;  so  that  Adam  and  Eve  were  in  the  most  literal 
sense  progenitors  of  the  whole  human  race,  and  contained 
their  progeny  already  shaped  within  them,  awaiting  the  great 
accoucheur.  Time. 

100.  This  was  the  celebrated  "  emboitement "  theory.  In 
spite  of  obvious  objections  it  gained  scientific  acceptance, 
because  physiologists  could  not  bring  themselves  to  believe 
that  so  marvellous  a  structure  as  that  of  a  human  organism 
arose  by  a  series  of  successive  modifications,  or  because  they 
could  not  comprehend  liow  it  was  built  up,  part  by  part, 
into  forms  so  closely  resembling  the  parent-forms.  That 
many  and  plausible  reasons  pleaded  in  favour  of  this  opinion 
is  evident  in  the  fact  that  illustrious  men  like  Haller,  Bonnet, 
Vallisneri,  Swammerdamm,  Eeaumur,  and  Cuvier  were  its 
advocates ;  and  if  there  is  not  a  single  physiologist  of  our  day 
who  accepts  it,  or  who  finds  any  peculiar  difficulty  in  follow- 
ing the  demonstrations  of  embryologists,  how  from  the 
common  starting-point  of  a  self- multiplying  epithelial  cell 
parts  so  diverse  as  hairs,  nails,  hoofs,  scales,  feathers, 
crystalline  lens,  and  secreting  glands  may  be  evolved,  or  how 
from  the  homogeneous  germinal  membrane  the  complex 
organism  will  arise,  there  are  very  few  among  the  scomers  of 

*  **  Nulla  in  corpore  animali  pars  ante  aliani  facta  est,  et  onincs  simul 
creatflB  existunt.*' — Haller,  EUincnta  Phyiiohtgias^  viii.  148. 
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[  liypatbesis  who  seem  capable  of  generalising  the 

Vnncijil^s  which  have  destroyed  it,  or  can  conceive  that  the 

Uvi  of  Kvulution  apply  as  rigorously  to   the   auimal  and 

\*S«l»hle  Inn^oms  as  to  the  indiWdual    organisms.     The 

iHoslrioas  names  of  those  who  advocated  the  preformation 

K^fjioilw.-sii  may  serve  to  check  our  servile  submission  to  the 

s(iihuritii*8  80  loudly  proclaimed  as  advocates  of  the  fixity  of 

->?dei    The  more  because  the  two  doctrines  have  a  common 

[iirentage.     The  one  falls  with  the  other;  and  no  array  of 

auttiohtica  can  arrest  the  fall.     That  the  manifold  differeutia- 

tiuiu  noticeable   in  a  complex  organism  should  have  been 

mhed  from  a  membrane  wholly  destitute  of  differences  is  a 

uwrtd.  but  a  marvel  which  Science  has  made  inteUigible. 

Vet  the  niajnrity  of  those  to  whom  this   has   been   made 

■iiirJlit^ble,  still  find  an  impossibility  in  admitting  that  the 

f^ifi'M  forms  of  plant  and  animal  were  successively  evolved 

ni  f-imJly  simple  origins.     They  relinqmsh  the  hypothesis 

'  pre  formation  in  ihe  one  case,  and  cling  to  it  in  the  other. 

'    rluEJDo.  ilemonatrable   in   the   individual   history,  seems 

:■  [■ntttTona  in  the  history  of  the  class.     And  thus  is  pre- 

n!'_i1  ih<!  instructive  spectacle  of  philosophers  laughing  at 

jK«urditic8  of  "  preformation,"  and  yet  exerting  all  their 

,i'  Jiiil  rhetoric  in  defence  of  "creative  fiats" — which  ia 

;  I'ly  ih'-  preformation  hypothesis  "  writ  large." 

101.   It  wouhl  not  be  diSicuIt  to  show  that  the  doctrine  ot 

;  ,-eni'ii=i  with  which  Wolff  for  ever  displaced  the  doctrine 

■  i  I'tt^fimuation.  leads  by  an  inevitable  logic  to  the  doctrine 

of  nntvi-iTCil  Evoluliou :  and  that  we  can  no  more  understand 

At  aplN^arancw  of  a  new  organism  which  ia  not  the  modi- 

kuina  of  some   already  existing  organism,  than  we  can 

ndtMstand  the  sudden  appearance  of  a  new  organ  which  is 

M  the  modification  of  some  existing  structure.     In  the  one 

CMC  u  ia  tlic  other  we  may  disguise  tlie  process  under  such 

Ttnu  as  creative  fiut  and  preformation ;  but  these  terms  are 

no  expUnntions ;   they   re-state   the   results,   they   do   not 

iaxnhc   tiie   pn>c«!>is;    whereas    Kpit;enesis    descnt>es    the 

fnoon  u  it  posaea  under  the  eye  of  science. 


i 
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102.  If  any  reader  of  these  pages  who,  from  theological  or 
zoological  suspicion  of  the  Development  Hypothesis,  clings 
to  the  hypothesis  of  a  creative  Plan  which  once  for  all 
arranged  the  organic  world  in  Types  that  could  not  change^ 
will  ask  what  rational  interpretation  can  be  given  to  the  suc- 
cession of  phases  each  embryo  is  forced  to  pass  through,  it 
may  help  to  give  him  pause.     He  will  observe  that  rum  of 
these  phases  have  any  adaptation  to  the  future  state  of  the     i 
animal,  but  are  in  positive  contradiction  to  it,  or  are  simply 
piirposeless ;   whereas  all  show  stamped  on  them  the  un- 
mistakable characters  of  ancestral  adaptations  and  the  pro* 
gressions  of  Organic  Evolution.     What  does  the  fact  imply? 
There  is  not  a  single  known  example  of  a  complex  organism 
which  is  not  developed  out  of  simpler  forms.     Before  it  can 
attain  the  complex  structure  which  distinguishes  it,  there  must 
be  an  evolution  of  forms  similar  to  those  which  distinguish  the 
structures  of  organisms  lower  in  the  series.   On  the  hypothesis 
of  a  Plan  which  pre-arranged   the  organic  world,  nothing 
could  be  more  unworthy  of  a  supreme  intelligence  than  this 
inability  to  construct  an  organism  at  once,  without  previously 
making  several  tentative  efforts,  undoing  to-day  what  was  so 
carefully  done  yesterday,  and  repeaiingfor  centuries  thesanu 
tentatives,  and  the  same  corrections,  in   the  same  sttceession. 
Do  not  let  us  blink  this  consideration.     There  is  a  traditional 
phrase  much  in  vogue  among  the  anthropomorphists,  which 
arose  naturally  enough  from  the  tendency  to  take  human 
methods  as  an  explanation  of  the  divine — a  phrase  which 
becomes  a  sort  of  argument — "  The  Great  Architect."     But  if 
we  are  to  admit  the  human  point  of  view,  a  glance  at  the 
facts  of  embryology  must  produce  very  uncomfortable  re- 
flections.   For  what  should  we  say  to  an  architect  who  was 
unable,  or  being  able  was  obstinately  unwilling,  to  erect  a 
palace  except  by  first  using  his  materials  in  the  shape  of  a 
hut,  then  pulling  it  down  and  rebuilding  them  as  a  cottage, 
then  adding  story  to  story  and  room  to  room,  n^t  with  any 
reference  to  the  ultimate  purposes  of  the  palace,  but  wholly 
with  reference  to  the  way  in  which  houses  were  constructed 
in  ancient  times  ?    What  should  we  say  to  the  architect  who 
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coald  not  form  a  museum  out  of  bricks  and  mortar,  but  was 
forced  to  begin  as  if  going  to  build  a  mansion :  and  after 
proceeding  some  way  in  this  direction,  altered  his  plan  into 
a  palace,  and  that  again  into  a  museum  ?  Yet  this  is  the 
sort  of  succession  on  which  organisms  are  constructed.  The 
fact  has  long  been  familiar  ;  how  has  it  been  reconciled  with 
Infinite  Wisdom  ?  Let  the  following  passage  answer  for  a 
thousand : — **  The  embryo  is  nothing  like  the  miniature  of  the 
adult.  For  a  long  while  the  body  in  its  entirety  and  its 
details  presents  the  strangest  of  spectacles.  Day  by  day  and 
hour  by  hour  the  aspect  of  the  scene  changes,  and  this  in- 
stability is  exhibited  by  the  most  essential  parts  no  less  than 
by  the  accessory  parts.  One  would  say  that  Nature  feels 
ber  way,  and  only  reaches  the  goal  after  many  times  missing 
the  path — on  dirait  que  la  nature  t&tonne  et  ne  conduit  son 
cravre  k  bon  fin  qu'aprds  s'fitre  sou  vent  trompfee."*  Writers 
have  no  compunction  in  speaking  of  Nature  feeling  her  way 
and  blundering ;  but  if  in  lieu  of  Nature,  which  may  mean 
anything,  the  Great  Architect  be  substituted,  it  is  probable 
that  the  repugnance  to  using  such  language  of  evasion  may 
cause  men  to  revise  their  conceptions  altogether ;  they  dare 
not  attribute  ignorance  and  incompetence  to  the  Creator. 

103.  Obviously  the  architectural  hypothesis  is  incompe- 
tent to  explain  the  phenomena  of  organic  development. 
Evolution  is  the  universal  process ;  not  creation  of  a  direct 
kind.  Von  Baer,  who  very  properly  correcteil  the  exaggera- 
tions which  had  been  put  forth  respecting  the  identity  of  the 
embr}'onic  forms  with  adult  forms  lower  in  the  scale,  who 
showed  that  the  mammalian  embryo  never  was  a  bird,  a  reptile. 
or  a  fish,  nevertheless  emphasised  the  fact  that  the  mammalian 
embryo  passes  through  all  the  lower  typical  forms ;  so  much  so 
that,  except  by  their  size,  it  is  impossible  to  distinguish  the 
embryos  of  mammal,  bird,  lizard,  or  snake.  ''  In  my  collec- 
tion," he  says,  "  there  are  two  little  embryos  which  I  have 
omitted  to  label,  so  that  I  am  now  quite  incompetent  to  say  to 
what  class  they  belong.    They  may  l)e  lizards,  they  may  be 

*  QuATKKPAOBS :  MetamoTphoses  de  niomuu  et  da  AnimauXy  1862, 

^42. 
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small  birds,  or  very  young  mammals;  so  complete  is  the 
similarity  in  the  mode  of  formation  of  the  head  and  trunk. 
The  extremities  have  not  yet  made  their  appearance.  But 
even  if  they  existed  in  the  earliest  stage  we  should  learn 
nothing  from  them,  for  the  feet  of  lizards,  mammals,  and  the 
wings  of  birds,  all  arise  from  the  same  common  form."  He 
sums  up  with  his  formula :  **  The  special  type  is  always 
evolved  from  a  more  general  type."  * 

Such  reminiscences  of  earlier  forms  are  intelligible  on  the 
supposition  that  originally  the  later  form  was  a  modification 
of  the  earlier  form,  and  that  this  modification  is  repeated ;  or 
on  the  supposition  that  there  was  a  similarity  in  the  oiganic 
conditions,  which  similarity  ceased  at  the  point  where  the 
new  form  emerged.  But  on  no  hypothesis  of  creative  Plan 
are  they  intelligible.  They  are  useless  structures,  failing 
even  to  subserve  a  temporary  purpose.  Sometimes,  as  Mr. 
Darwin  remarks,  a  trace  of  the  embryonic  resemblance  lasts 
till  a  late  age  :  "  Thus  birds  of  the  same  genus,  and  of  closely 
allied  genera,  often  resemble  each  other  in  their  first  and 
second  plimiage :  as  we  see  in  the  spotted  feathers  in  the 
thrush  group.  In  the  cat  tribe  most  of  the  species  are  striped 
and  spotted  in  lines ;  and  strips  or  spots  can  plainly  be  dis- 
tinguished in  the  whelp  of  the  lion  and  the  puma.  We 
occasionally,  though  rarely,  see  something  of  this  kind  in 
plants The  points  of  structure  in  which  the  em- 
bryos of  widely  different  animals  of  the  same  class  resemble 
each  other,  often  have  no  direct  relation  to  their  conditions 
of  existenca  We  cannot,  for  instance,  suppose  that  in  the 
embryos  of  the  vertebrata  the  peculiar  loop-like  courses  ol 
the  arteries  near  the  bronchial  slits  are  related  to  similai 
conditions  in  the  young  mammal  which  is  nourished  in  the 
womb  of  its  mother,  in  the  egg  of  a  bird  which  is  hatched 
in  a  nest,  and  in  the  spawn  of  a  frog  under  water." 

104.  It  would  be  easy  to  multiply  examples,  but  I  will 
content  myself  with  three.  The  tadpole  of  the  Salamaudei 
has  gills,  and  passes   his  existence  in  the  water;  but  the 

*  Von  Baeb  :  Utber  Entwickelungsgeschichte,  1828,  i.  221. 
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SaSiinaMiira  atra,  whicli  Uvea  high  up  among  the  mountains, 
Imn^'*  forth  its  young  full -formed.  This  animal  never  lives 
in  llie  wait-r.  Yet  if  we  o]»en  a  gravid  female,  we  find 
udpoles  inside  her  with  exquisitely  feathered  gills,  and  (aa  I 
htre  witnessed)  these  tadpoles  "  when  from  the  mother's  womb 
nRtunoly  ripped,"  if  placed  in  water,  swim  about  like  the 
Udpftlts  of  waler  newts.  Obviously  this  aquatic  organisation 
hu  no  reference  to  the  future  life  of  the  animal,  nor  has  it 
m  adaptation  to  its  embryooic  condition ;  it  has  solely 
KfereDce  to  ancestral  forms,  it  repeats  a  phase  in  the  de- 
nlopoient  of  its  progenitors.  Again,  in  the  embryo  of  the 
iiiJwd  Xudibranch,  we  always  observe  a  shell,  although  the 
uimol  is  without  a  shell,  and  there  can  be  no  purpose  served 
iiTlhe  •h«U  in  embryonic  life.'  Finally,  the  human  embryo 
tm  >  tail,  whicli  is  of  course  utterly  purposeless,  and  which, 
"llhoogh  to  be  explaine<l  as  a  result  of  organic  laws,  is  on  the 
(Ratire  hypttlhesia  only  explained  as  an  adherence  to  the 
Gtoen)  plan  of  structure — a  specimen  of  pedantic  trifling 
'  «flby  of  no  intellect  atwive  the  pongo's."  t 
lOS.  Humanly  appreciated,  not  only  is  it  difficult  to  justify 
ive  stages  of  development,  the  incessant  building 

y  «ni>U(ib,  while  llie  NiidiLranch,  whicli  is  without  a  sliell, 
(luring  iu  emlirymiic  life,  iLere  is  another  nioUuBO, 
»  JtuwiatUii,  wliich  piMc&iing  n  ali^^ll  in  its  tuheeqiient  life  ib 
(  dmiBg  the  early  petiwls,  and  acuonliug  to  CLAPtabDE 
I  HI  indepandctit  eiittence  capable  of  feeiling  itself  before  it 
See  hia  admirable  meiiitiii  un  tbe  SeritiiM,  in  Jtullst't 
ArAir,  1857. 

t  IIm  (bt  advocate  of  the  hypolhesiB  that  animal*  were  nested  ae 
•c  toe  tbem  now,  fulljr  formed  and  wondroiuly  adapted  in  all  their 
fMti  to  tlw  eonditiona  in  which  the;  live,  ever  contidcred  the  hind 
hp  of  the  Mai,  which  he  may  hav«  watched  in  the  Zoological  Gardens  1 
Bmk  U  aa  aniuial  which  hiibitiMJIy  iwinis  like  a  fi«h,  aud  cannot  use 
ka  fai»d  linti*  «xcrpt  *■  a  rudder  to  pro{ie1  him  through  the  valer  ; 
init  iMteail  iif  liavin^  a  fish-like  tail  he  has  two  leg*  flatttrieil  together. 
tad  nmb  on  the  ton— toe*  and  nails  being  obvious  superfluities.  Now 
■ki<k  ia  the  mon  rational  interpretation,  that  these  limbs,  in  spile  of 
tknr  iwtt-adaptation,  were  retained  in  rigid  adherence  to  a  Plan,  or 
UM  tlM  iinl*  were  inhi^riird  front  an  ancestor  who  used  tbeni  a*  legs, 
ami  tiM  Uisaa  lc|{a  have  gradually  become  modified  by  the  Bsli-like 
faUMoftkaMll 
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up  of  structures  immediately  to  be  taken  down,  but  also  to 
explain  why  development  was  necessary  at  all.  Why  are 
not  plants  and  animals  formed  at  once>  as  Eve  was  mythi- 
cally affirmed  to  be  taken  from  Adam's  rib,  and  Minerva  firom 
Jupiter's  head?  The  theory  of  Evolution  answers  this  qoestioD 
very  simply ;  the  theory  of  Creation  can  only  answer  it  by 
affirming  that  such  was  the  ordained  plan.  But  the  theory  d 
Evolution  not  only  gives  the  simpler  and  more  intelligible 
answer  to  this  question,  it  gives  an  answer  to  the  further  ques- 
tion which  leaves  the  theory  of  Creation  no  loophole  except 
a  sophism-namely,  why  the  formation  of  organisms  is  con- 
stantly  being  frustrated  or  perverted  ?  And,  further,  it  gives 
an  explanation  of  the  law  noticed  by  Milne  Edwards,  thai 
Nature  is  as  economical  in  her  means  as  she  is  prodigal  in 
her  variation  of  them :  "  On  dirait  qu'avant  de  recourir  i 
des  ressources  nouvelles  elle  a  voulu  dpuiser,  en  quelqoe 
sorte,  chacun  des  precedes  qu'elle  avait  mis  en  jeu."  *  The 
applause  bestowed  on  Nature  for  being  economical,  is  a  curiouf 
transference  to  Nature  of  human  necessities.  Why,  with  8 
whole  universe  at  her  disposal,  should  Nature  be  economical  I 
Why  must  she  always  be  working  in  the  same  groove,  and 
using  but  a  few  out  of  the  many  substances  at  lier  command  \ 
Economy  is  a  virtue  only  in  the  poor.  If  Nature,  in  organic 
evolutions,  is  restricted  to  a  very  few  substances,  and  a  veij 
few  modes  of  combination,  always  creating  new  forms  bj 
modification  of  the  old,  and  apparently  incapable  of  creating 
an  organism  at  once,  this  must  imply  an  inherent  necessity 
which  is  very  unlike  the  free  choice  that  can  rendei 
economy  a  merit. 

106.  There  may  indeed  be  raised  an  objection  to  the 
Development  Hypothesis  on  the  ground  that  if  the  complex 
forms  were  all  developed  from  the  simpler  forms,  we  ought 
to  trace  the  identities  through  all  their  stages.  If  the  fisb 
developed  into  the  reptile,  the  reptile  into  the  bird,  and  the 
bird  into  the  mammal  (which  I,  for  one,  think  question- 
able), we  ought  to  find,  it  is  urged,  evidence  of  this  passage. 

*  MiLNB  Edwards,  Intro,  a  la  Zodogie  GinSrale,  185 1,  p.  9. 


THE  katuhe  of  life.  Sy 

"  Ami  at  one  lime  it  was  asserted  that  the  evidence  existol ; 
I.UI  Uus  lias  been  disproved,  aud  ou  tlie  disproof  the  oppo- 
aeaa  gf  Evoltttion  take  tlieir  stand.  Although  I  cannot  fe<.d 
much  coafideDc<3  in  the  idea  of  such  a  passage  from  Ty])e 
to  Type,  and  although  the  posaagB,  if  ever  it  occurred,  must 
itfie  occuirvd  at  so  remote  a  period  as  to  leave  no  evidence 
mom  pMiliv^  thao  inference,  I  cannot  hut  think  the  teacliing 
uf  Enliiyoli^y  far  more  favourable  to  it  than  to  our  oppo- 
nmU  .Siip(iosing,  for  the  sake  of  argument,  that  the  pnssage 
iii  take  place,  ouglit  we  to  find  the  embryonic  stages 
iaaaiely  reproducing  the  permanent  forms  of  lower  types  i 
Vun  iiaer  thinks  we  ought ;  and  leaser  men  may  follow  him 
nitout  reproach.  But  it  seems  to  me  that  he  slarts  from 
u  iiu(liiuMil>l<!  assumption,  namely,  that  the  development 
Duat  necessarily  ho  in  a  straight  line  rather  than  in  a  multi- 
pliatyor  divei^geol  lines.  "When  we  find  the  emhryonio 
naditioD,"  he  says, "  differing  from  the  adult,  we  ought  to 
Sad  a  OMTesponding  condition  somewhere  in  the  lower 
Not  necessarily.  We  know  iliat  the  mental 
went  of  a  civilised  man  passes  tlirough  the  stages 
bi,4}Ut  race  jiussed  through  in  the  course  of  its  long 
the  psychology  of  the  child  reproduces  the 
'  of  the  savage.  But  as  this  development  takes 
■  condjtiona  in  many  respects  different,  and  aa 
CKtim  phases  ore  hurried  over,  we  do  not  expect  to  lind  a 
amfitte  parallel.  It  is  enough  if  we  can  trace  general 
mtmbknou*.  Von  Baer  adds,  "  Tiiat  certiun  corre.'ipond- 
*»a»  ihould  occur  l>etwe«R  the  embryonic  states  of  some 
uiiBall  and  the  adult  etat^  of  others  seems  inevitable  and 
rf  au  ngnificuico  (f).  Tiiey  could  not  fail,  since  the  embyroa 
I»  vJUiiii  the  animal  sphere,  and  the  variations  of  which  the 
loiml  bmly  is  capable  are  determined  for  each  type  by  the 
mtcnul  coDHMtion  and  mutual  reaction  of  its  orgniis,  so  that 
F^ticuLir  rvpeLirions  are  iuevitahle."  A  profound  remark,  l« 
■kidi  t  shall  hereafter  have  occasion  to  return,  hut  ila 
^ttMng  on  the  present  (juestion  is  inconclusive.  The  fact  that 


*  Van  Bakk,  «p.  eU.,  i.  303. 
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the  embryonic  stages  of  the  higher  animals  resemble  in 
general  characters  the  permanent  stages  of  the  lower  animals, 
and  very  closely  resemble  the  embryonic  stages  of  thoae 
animals,  is  all  that  the  Development  Hypothesis  leqnirea. 
Nor  is  its  value  lessened  by  the  fact  that  many  of  the  details 
and  intermediate  stages  seem  passed  over  in  the  development 
of  the  higher  forms,  for  the  recapitulation  can  only  be  of  out- 
lines, not  of  details ;  since  there  are  difTerences  in  the  forms, 
there  must  be  differences  in  their  histories. 

107.  In  the  preceding  observations  the  object  has  simply 
been  to  show  that  the  phenomena  to  be  explained  can  be 
rationally  conceived  as  resulting  from  gradual  Evolution, 
whereas  they  cannot  be  so  rationally  interpreted  on  any 
other  hypothesis.  And  here  it  may  be  needful  to  say  a  word 
respecting  Epigenesis. 

Tlie  Preformation  hypothesis,  which  regarded  every  organ- 
ism as  a  simple  educt  and  not  the  product  of  a  germ,  wa? 
called  by  its  advocates  an  evolution  hypothesis — meaning  that 
the  adult  form  was  an  outgrowth  of  the  germ,  the  miniature 
magnified.    Wolff,  who  replaced  that  conception  by  a  truer 
one,  called  his,  by  contrast,  Epigenesis,  meaning  that  there 
was  not  simply  out-growth,  but  new  growth.     "  The  various 
parts,"  he  says,  "  arise  one  after  the  other,  so  that  always 
one  is  secreted  from  (excemirt),  or  deposited  (deponirt)  on  the 
other ;  and  then  it  is  either  a  free  and  independent  part,  or 
is  only  fixed  to  that  which  gave  it  existence,  or  else  is  con- 
tained within  it.     So  that  every  part  is  the  effect  of  a  pre- 
existinj  part,  and  in  turn  the  cause  of  a  succeeding  part" * 
The  last   sentence  expresses  the  conception  of  Epigenesis 
which  embryologists  now  adopt ;  and  having  said  this,  we 
may  admit  that  Wolff,  in  combating  the  error  of  preformation, 
replacing  it  with  the  truer  notion  of  gradual  and  successive 
formation,  was  occasionally  open  to  the  criticism  made  by 
Von  Baer,  that  he  missed  the  true  sense  of  Evolution,  since 
the  new  parts  are  not  added  on  to  the  old  parts  as  new  for- 

*  Wolff  :  Theorie  der  Generation,  1764,  §  67.  The  reader  will  find 
abundant  and  valuable  corroboration  of  this  biological  principle  in  Sir 
James  Paoet's  Lectures  on  Surgical  Pathology. 
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I  toUuM,  bot  rvgliYii  frtm.  them  as  transformatjona  "  The 
i  Evolution,  therefore,  seems  to  me  more  dL-scriptive  of 
itiepTuct-M  than  Epigftieais.  It  ia  true  that  the  organism  is 
uai|inrromi(!tl,  hut  tlie  course  of  its  development  ia  precisely 
ilie  coune  which  ita  parents  formerly  passed  through.  Thus 
It  19  the  Invisible — the  course  of  development — which  is 
|«vcliAenoin«L"  ■  When  tJie  word  Epii^enesis  is  used,  there- 
I,  tiw  reader  will  understand  it  to  signify  that  necessary 
I  wkicb  determines  the  existence  of  new  forms. 
Kntbe  rormation  of  chalk  is  not  the  indifferent  product 
If  my  eomliination  of  its  elements,  carbon,  oxygen,  and  cnJ- 
1,  bat  is  the  product  of  only  one  series  of  combinations,  an 
BtMlution  through  necessary  successions,  the  carbon  uniting 
'  nth  oxygen  to  form  carlionic  acid,  and  this  combining  with 
dv  oxide  of  calcium  to  form  chalk,  so  likewise  the  formation 
tl  I  muscle,  a  lione,  a  limb,  or  a  joint  has  its  successive 
1,  each  of  wbicli  is  necessary,  none  of  which  can  be 
The  formation  of  bone  is  peculiarly  instructive, 
WuM  the  large  proportion  of  inorganic  matter  in  its  sub- 
(Uooe,  aiul  set^miiigly  deposited  in  the  organic  tissue,  would 
iai  oae  to  duppose  that  it  was  almost  an  accidental  forma- 
lioD,  which  might  take  place  anywhere  ;  yet  although  what 
a  tmlled  ooDnective  tissue  will  ossify  under  certain  conditions, 
uuebone  19  tlio  product  uf  a  very  peculiar  modification,  which 
tlaost  always  needs  to  he  preceded  by  cartilage.  That  the 
fnnnaUon  of  bone  has  its  si>eciul  liistory  may  be  seen  in  the 
Ud  that  it  ix  the  lost  to  appear  in  the  animal  series,  many 
ki^hly  orj^nised  fishes  |ji.-ing  without  it,  and  all  the  other 
iTiiimu  appearing  before  it  in  the  development  of  the  embryo. 
Thiw  although  the  mother's  blood  furnishes  all  the  reiiuisite 
iMlrriii.  the  fatus  is  incapable  of  assimilating  this  material 
tnd  ti  lunniDg  bonu,  until  ils  own  development  has  reached 
ft  tsitain  stage.  Moreover,  when  ossiticntion  does  l>egin,  it 
ecunllj  bsgina  iu  the  skull  (in  man  in  llie  cla^-icle) ;  and  the 
«alf  approach  to  an  internal  skeleton  in  the  Invertebrates  is 
the  KMsUed  skull  of  the  Cephalopoda.   Not  only  is  bone  a  late 

•  Voa  bAta  :  StibitbivgrtijJiie,  i866,  p.  319. 
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development,  but  cartilage  is  also ;  and  although  it  is  an  error 
to  maintain  that  the  Invertebrates  are  wholly  destitute  of 
cartilage,  its  occasional  presence  having  been  fully  proved  by 
ClaparMe  and  Gegenbaur,  the  rarity  of  its  presence  is  very 
significant.  The  animals  which  can  form  shells  of  chalk  and 
chitine,  are  yet  incapable  of  forming  even  an  approach  to  bona 
108.  Epigenesis  depends  on  the  laws  of  succession,  which 
may  be  likened  to  the  laws  of  crystallisation,  if  we  bear 
in  mind  the  essential  differences  between  a  crystal  and 
an  organism,  the  latter  retaining  its  individuality  through 
an  incessant  molecular  change,  the  former  only  by  the  exdu- 
sion  of  all  change.  When  a  crystalline  solution  takes  shape, 
it  will  always  take  a  definite  shape,  which  represents  what 
may  be  called  the  directum  of  its  forces,  the  polarity  of  its 
constituent  molecules.  In  like  manner,  when  an  oiganie 
plasmode  takes  shape — crystallises,  so  to  speak — it  always 
assumes  a  specific  shape  dependent  on  the  polarity  of  its 
molecules.  Crystallographers  have  determined  the  several 
forms  possible  to  crystcds;  histologists  have  recorded  the 
several  forms  of  Organites,  Tissues,  and  Organs.  Owing  to 
the  greater  variety  in  elementary  composition,  there  is  in 
organic  substance  a  more  various  polar  distribution  than  in 
crystals ;  nevertheless  there  are  sharply  defined  limits  never 
overstepped,  and  these  constitute  what  may  be  caUed  the 
specific  forms  of  Organites,  Tissues,  Organs,  Organisms.  An 
epithelial  cell,  for  example,  may  be  ciliated  or  columnar,  a 
muscle-fibre  striated  or  non-striated,  a  nerve-fibre  naked  or 
enveloped  in  a  sheath,  but  the  kind  is  always  sharply  defined. 
An  intestinal  tube  may  be  a  uniform  canal,  or  a  canal 
differentiated  into  several  unlike  compartments,  with  several 
unlike  glandular  appendages.  A  spinal  column  may  be  a 
uniform  solid  axis,  or  a  highly  diversified  segmented  axis. 
A  limb  may  be  an  arm,  or  a  leg,  a  wing,  or  a  paddle.  In 
every  case  the  anatomist  recognises  a  specific  type.  He 
assigns  the  uniformities  to  the  uniformity  of  the  substance 
tlius  variously  shaped,  under  a  history  which  has  been 
similar ;  the  diversities  he  assigns  to  the  various  conditions 
under  which  the  processes  of  growth  have  been  determined. 
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'!   I!  .  ■  r  expects  a  muscular  tissue  to  develop  into  a  skeleton, 

■     ji  [i33Ue  into  a  gland,  an  osseoua  tissue  into  a  sensory 

_. .      11<;  never  expects  a  tail  to  bticome  a  liand  or  a  foot, 

'..<<u.-ii  he  sees  it  in  monkeys  and  marsupials  serving  the 
-'««  of  prehension  and  locomotion.     He  never  expects  to 

laJ  fib-^m  growing  anj-where  except  from  metacarpal  bouea, 
f  an  arm  OeveJojied  from  a  skulL     The  well-known  gcnera- 

:ab»n  of  (leoflVoy  St.  Hilaire  that  an  organ  is  more  easily 

(iuiilulat«d  than  transposed,  points  to  the  fundamental  law 

I'l  Epij^oeaia.  In  the  same  direction  jioint  all  the  facta  of 
powth.     Out  of  a  formless  germinal  memhrane  we  see  an 

'"iTiHiiM  variKty  of  forms  vvolved ;  and  out  of  a  common 
wtritiTe  Quid  this  variety  of  oi^ans  is  sustained,  repaired, 
repl»oed ;  and  tbia  not  indiftereuily,  not  casually,  but 
Hxnrdiog  to  rigorous  laws  of  succession :  that  which  precedes 
M^ffMJB'tij;  that  which  succeeds  as  inevitably  as  youth  pre- 
owhn  iDaturicy,  and  maturity  decay.  The  nourishment  of 
TuiDas  ai^gftas  from  plasmodes  derived  from  a  common  lluid, 
cacti  wlecting  from  that  fluid  only  those  molecules  that  are 
Lke  iu  o«'n.  rejecting  all  the  rest,  is  very  similar  to  the  for- 
aalioo  of  varioos  crystals  in  a  solution  of  diETerent  salts,  each 
nk  npualing  from  the  solution  only  thosti  molecules  that 
tn  like  itaell  lUsil  lung  ago  called  attention  to  tliis  analogy. 
He  ubgervcd  llial  if  in  a  solution  of  nitre  and  sulphate  of 
kmU  a  crystal  of  nitre  be  dropped,  all  the  dissolved  nitre 
aystjmisei,  the  sulphate  remaining  in  solution ;  wheraas  on 
mening  the  experiment,  a  crystal  of  sulphate  of  soda  is 
found  to  crystallise  all  the  dissolved  stdphate,  leaving  the 
utK  nodisturbcd.  in  like  manner  muscle  selects  from  the 
Uood  it«  own  materials  which  are  there  in  solutiou,  ruject- 
utg  thoM  which  thv  nerve  will  select. 

100.  May,  so  definite  is  the  course  of  growth,  that  when 
t  limb  or  part  of  a  limb  is  cut  off  from  a  crab  or  salamander, 
■  new  limb  or  new  jiart  is  reproduced  in  the  old  spot, 
euctly  like  the  one  removed.  Bonnet  startled  the  world  by 
Ibe  uinouticcmvnt  that  the  A'ai't,  a  worm  common  in  ponds, 
tfuolMteoaaly  divided  itself  into  two  worms;  and  that  when 
!■«■(  it  iotu  MivenU  pieces,  each  piece  reproduced  head  mid 
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tail,  and  grew  into  a  perfect  worm.  This  had  been  accepted 
by  all  naturalists  without  demur,  until  Dr.  Williams,  in  his 
"  Eeport  on  British  Annelida,  1851,"  declared  it  to  be  a 
fable.  In  1858,  under  the  impulse  of  Dr.  Williams'  very 
emphatic  denial,  I  repeated  experiments  similar  to  those  of 
Bonnet,  with  similar  results.  I  cut  two  worms  in  half,  and 
threw  away  the  head-bearing  segments,  placing  the  others  in 
two  separate  vessels,  with  nothing  but  water  and  a  little  mud, 
which  was  first  carefully  inspected  to  see  that  no  worm  lay 
concealed  therein.  In  a  few  days  the  heads  were  completely 
reformed,  and  I  had  the  pleasure  of  watching  them  during 
their  reconstruction.  When  the  worms  were  quite  perfect^  I 
again  cut  away  their  heads,  and  again  saw  these  reformed. 
This  was  repeated,  till  I  had  seen  four  heads  reproduced ; 
after  which  the  worms  succumbed. 

110.  The  question  naturally  arises.  Why  does  the  nutritive 
fluid  furnish  only  material  which  is  formed  into  a  part  like 
the  old  one,  instead  of  reproducing  another  part,  or  one  hav- 
ing a  somewhat  difierent  structure  ?  The  answer  to  this 
question  is  the  key  to  the  chief  problem  of  organic  life.  That 
a  limb  in  sittc  should  replace  its  molecular  waste  by  molecules 
derived  from  the  blood,  seems  intelligible  enough  (because 
we  are  familiar  with  it),  and  maybe  likened  to  the  formation 
of  cr}'stals  in  a  solution ;  but  how  is  it  that  the  limb  which 
is  not  in  existen/x  can  assimilate  materials  from  the  blood  ? 
how  is  it  that  the  blood,  which  elsewhere  in  the  oiganism 
will  form  other  parts,  here  will  only  form  this  particular 
part  ?  There  is,  probably,  no  one  who  has  turned  his  atten- 
tion to  these  subjects  who  has  not  paused  to  consider  this 
mystery.  The  most  accredited  answer  at  present  before  the 
world  is  one  so  metaphysiological  that  I  should  pass  it  by, 
were  it  not  intimately  allied  with  that  conception  of  Species, 
which  it  is  the  object  of  these  pages  to  root  out.  It  is 
this: 

111.  The  organism  is  determined  by  its  Type,  or,  as  the 
Germans  say,  its  Idea.  All  its  parts  take  shape  according 
to  this  ruling  plan;  consequently,  when  any  part  is  removed,  it 
is  reproduced  according  to  the  Idea  of  the  whole  of  which  it 
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.1  ]>art.     Milue  Edwards,  in  a  very  interesting  and  3ug- 
^>irk,  concludes  his  survey  of  organic  phenomena  in 
; '  U :  "Dana  rorganisme  tout  semble  calcule  en  vue  d'un 
L'U'rmin^  et  rharmonie  des  parties  ne  r^ulte  pas  de 
■^u'elles  peuvent  exercer  lea  nnea  but  lea  autres, 
!■  urco-ordinutionaous  I'empire  d'une  puissance  coni- 
i  III  plan  prt^on^u,  d'une  force  pr^-exialante."  *    Tliis 
■  inly  metapbysiologicaL     It  refuses  to  acknowledge 
-.ition  of  immanent  properties,  refuses  to  admit  that 
riiiirny  of  a  complex  structure  results  from  the  mutual 
r  -  uf  its  parts,  and  seeks  owtside  the  oi^anism  for  some 
:  "ic  force,  some  plan,  not  otherwise  specified,  which 
,.:u.>  und  shapes  the  parts.     Von  Baer,iu  his  great  work, 
J-  1  -•''  lion  entitled,  "  The  nature  of  the  animal  determines 
i!'  i;i  w  l.ijjmenl;"  and  he  thus  explains  himself:  "Although 
(Vcn-  &a^v  in  development  is  only  made  possible  hy  the  pre- 
<:£utinjj   condilioD   [which   ia  another  mode   of  expressing 
Kpigvncsis],  nevertheless  the  entire   development   is   ruled 
ud  guid«d  by  the  Nature  of  the  animal  which  is  about  to  be 
i'too  der  gesammten  Wesenheit  des  Thieres  welches  werden 
toll),  ukd  it  is  not  the  momentary  condition  which  alone  and 
kbulalely   dclcrmioca    the   future,   but   more   general   and 
liigber  relations."  f     One  must  always  be  slow  in  rejecting 
Uh  UwxightA  of  a  master,  and  feel  sure  that  one  sees  the 
■owes  o(  the  emr  before  regarding  it  as  an  error;  but  in  the 
prcMsU  case  I  think  the  positive  biologist  will  be  at  no  losa 
tit  iMigti  VoD  Itaer's  error  to  its  metaphysical  origin.     With- 
out paasing  here  to  accumulate  examples  both  of  anomalies 
ud  aligbter  deviations  which  are  deniouatrably  due  to  the 
*  waonsAuy  cuuditious "  that  preceded  them,  let  us  simply 
Mto  tbe  logical   inconsistency  of  a  position  which,  whilo 
;   that  evtry  gepeiratt  daije   in  development  is  the 
f  sequence  of  its  predecessor,  declares  the  wluiie  of 
tin  flagta   indcpondent  of  such  relations  I     Such  a  position 
tt  indesd  rccuncilnble  on  the  assumption  that  animal  forms 
*n  iDDiildvd  "  like  olay  in  the  hands  of  the  potter."     But  this 
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'   M11.31S  EtiWjtHit» :  Intra,  d  bi  Zootogii  OfntraU,  176. 
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is  a  theological  dogma,  which  leads  to  very  preposterous  and 
impious  conclusions ;  and  whether  it  leads  to  these  concla- 
sions  or  to  others,  positive  Biology  declines  theological  explar 
nations  altogether.    Yon  Baer,  although  he  held  the  doctrine 
of  Epigenesis,  coupled  it,  as  many  others  have  done,  vitb 
metaphysical  doctrines  to  which  it  is  radically  opposed.    He 
believed  in  Types  as  realities ;  he  was  therefore  consistent  in 
saying,  ''It  is  not  the  Matter  and  its  arrangements  which 
determine  the  product,  but  the  nature  of  the  parent  form— 
the  Idea,  according  to  the  new  schooL"    How  are  we  to 
understand  this  Idea  ?    If  it  mean  an  independent  Entity, 
an  agency  external  to  the  organism,  we  refuse  to  acknowledge 
its  existence.    If  it  mean  only  an  a  posteriori  abstraction 
expressing  the  totality  of  the  conditions,  then,  indeed,  ire 
acknowledge  that  it  determines  the  animal  form ;  but  this  ie 
only  an  abbre^dated  way  of  expressing  the  law  of  Evolution, 
by  which  each  stage  determines  its  successor.     The  Type 
does  not  dominate  the  conditions,  it  emerges  from  them ;  the 
animal  organism  is  not  cast  in  a  mould,  but  the  imaginary 
mould  is  the  form  which  the  polarities  of  the  organic  sub- 
stance assume.    It  would  seem  very  absurd  to  suppose  that 
crystals  assumed  their  definite  shapes  (when  the  liquid  which 
held  their  molecules  in  solution  is  evaporated)  under  the 
determining  impulse  of  phantom-crystals,  or  Ideas ;  yet  it 
has  not  been  thought  absurd  to  assume  phantom  forms  of 
organisms. 

112.  The  conception  of  Type  as  a  determining  influence 
arises  from  that  fallacy  of  taking  a  resultant  for  a  principle, 
which  has  played  so  conspicuous  a  part  in  the  history  of 
philosophy.  Like  many  others  of  its  class  it  exhibits  an 
interesting  evolution  from  the  crude  metaphysical  to  the 
subtle  metaphysical  point  of  view,  which  at  last  insensibly 
blends  into  the  positive  point  of  view.  At  first  the  Type  or 
Idea  was  regarded  as  an  objective  reality,  external  to  the 
organism  it  was  supposed  to  rule.  Then  this  notion  was 
replaced  by  an  approach  to  the  more  rational  interpretation, 
the  idea  was  made  an  internal  not  an  external  force,  and  was 
incorporated  with  the  material  elements  of  the  oi^anism, 
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•m  said  to  "endeavour"  lo  arrange  tliemselvea 
;  to  Uic  Typo..  Thus  Treviranus  declares  that  the 
of  the  future  flower;"  and"Heiile,  when  he 
tbat  liair  and  nails  grow  in  virtue  of  the  Idea,  is 
f-rvv.1  tn  add  that  the  parts  endeavour  to  arrange  themselves 
'  to  thia  Idea,""  Even  Lotze,  who  has  argued  so 
-ly  against  the  vitalists,  and  haa  made  it  clear  that 
.:>i~in  ia  a  vital  mechaniBm,  cannot  relinquish  this 
I  II  of  legislative  Ideas,  though  he  significantly  adds. 
:.iive  no  power  in  themselves,  but  only  in  as  far  as 
;.j-_t  aic  gTDunde<l  in  mechanical  conditions."  Why  then 
iufierfluously  add  them  to  the  conditions?  If  every  part  of 
t  *udi,  in  virtue  of  the  proportiea  inherent  in  its  substance, 
ud  of  the  mutual  reactions  of  these  and  other  parts,  haa  a 
inechanical  value,  and  if  the  sum  of  all  these  parts  is  the 
[mt^-indicnting  mechanism,  do  we  add  to  our  knowledge  of 
U*  wntch.  and  our  means  of  repairing  or  improving  it,  by 
■HUiuiQg  Uiat  tlie  partji  have  over  and  above  their  physical 
prapertiea  the  metaphysical  "  tendency ■*  or  "desire"  to 
imiige  tbemaelvcs  into  this  specific  form  ?  When  we  see 
tint  n  organism  is  conslrncted  of  various  parts,  each  of 
»Ucb  has  it«  own  propcrtius  inalienable  from  its  struc''ure, 
tnd  itc  UM8  dependent  on  it«  relation  to  other  parts,  iO  we 
pau  may  Uiger  insight  by  crediting  these  parts  with  desires 
HT'dreama"  of  a  future  result  which  their  union  will  effect? 
That  which  is  true  in  this  conception  of  legislative  Ideas  is 
thii  when  the  parts  come  together  there  is  mutual  reaction, 
ud  the  multant  of  the  whole  is  something  very  unlike  the 
men  addition  of  the  items,  just  as  water  is  very  uuUke 
wygen  or  hydrogen ;  further,  the  connexus  of  the  whole 
iaqnmei  a  pt-culiitr  direction  on  the  development  of  the 
parta^  aod  the  law  of  Epigenesis  necessitates  o  serial 
drrelopineat,  which  may  easily  be  uiterpreted  as  due  to  a 
ined  plan. 

In  a  word,  thia  conception  of  Type  only  adds  a  new 

tu  the  old  difBculty,  adding  mist  to  darkness.     Tlie  law 

ffandteorttriuth  der  Pliytto- 
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of  Epigenesis,  which  is  simply  the  expression  of  the  material 
process  determined  by  the  polarity  of  molecules^  explains  as 
much  of  the  phenomena  as  is  explicable.  A  lost  limb  is  re- 
placed by  the  very  processes,  and  through  the  same  progres- 
sive stages  as  those  which  originally  produced  it.  We  have  a 
demonstration  of  its  not  being  reformed  according  to  any  Idea 
or  Type  which  exists  apart  from  the  immanent  properties  of 
the  organic  molecules,  in  the  fact  that  it  is  not  reformed 
at  once,  but  by  gradual  evolution ;  the  mass  of  cells  at  the 
stump  are  cells  of  embryonic  character,  cells  such  as  those 
which  originally  "  crystallised  "  into  muscles,  nerves,  vesselBy 
and  integument,  and  each  cell  passes  through  all  its  ordinaiy 
stages  of  development.  It  is  to  be  remembered  that  so  inti- 
mately dependent  is  the  result  on  the  determining  conditions; 
that  any  external  influence  which  disturbs  the  normal  course 
of  development  will  either  produce  an  anomaly,  or  firustrate 
the  formation  of  a  new  limb  altogether.  One  of  my  tritons 
bit  off  the  leg  of  his  female ;  *  the  leg  which  replaced  it  was 
much  malformed,  and  curled  over  the  back  so  as  to  be  use- 
less; was  this  according  to  the  Idea?  I  cut  it  off,  and 
examined  it ;  all  the  bones  were  present,  but  the  hnmeros 
was  twisted,  and  of  small  size.  In  a  few  weeks  a  new  1^  was 
developed,  and  this  leg  was  normal.  If  the  Idea,  as  a  ruling 
power,  determined  the  growth  of  this  third  leg,  what  deter- 
mined the  second,  which  was  malformed  ?  Are  we  to  sup- 
pose that  in  normal  growth  the  Idea  prevails,  in  abnormal  the 
conditions  ?  That  it  is  the  polarity  of  the  molecules  which 
at  each  moment  determines  the  group  those  molecules  will 

*  I  had  kept  these  tritons  four  years  in  the  hope  that  they  would 
breed  ;  but  in  spite  of  their  being  subjected  to  great  varieties  of 
treatment — for  months  well  supplied  with  food,  and  for  months  re- 
duced almost  to  starvation — they  never  showed  the  slightest  tendency 
to  breed  ;  another  among  the  many  illustrations  of  the  readiness  with 
which  the  generative  system  is  affected  even  in  very  hardy  and  not 
very  impressionable  animals.  Clapar&de  observed  the  still  more  sur- 
prising  fact  that  the  Neritinafluvtatilis  (a  river  snail)  not  only  will  not 
lay  eggs,  but  will  not  even  feed  in  captivity.  He  attributes  it  to  the 
stillness  of  the  water  in  the  aquarium,  so  unlike  that  of  the  running 
streams  in  which  the  mollusc  lives.     See  Mulleins  Archiv,  1857. 
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me.  is  well  seen  in  tlie  experiment  of  Lavalle  mentioned 
Irr  Biwin."  He  showed  that  if  when  an  octohedral  ciyatal 
u  fitnaiag,  an  angle  be  cut  away,  so  as  to  produco  an  artificial 
■tftce,  a  similar  surface  is  produced  spontaneously  on  the 
nmipoiiding  angle,  whereas  all  the  other  angles  are  sharply 
drfned.  "  Valentin,"  says  Mr,  Darwin,  "  injured  the  caudaj 
-I'lenuty  of  an  embryo,  and  three  days  afterwards  it  produced 
~'!ia«ot8  of  a  double  pelvia.  and  of  double  hind  limbs. 
ilunter  and  others  have  observed  lizards  with  their  tails  re- 
fodneed  and  doubled.  WLen  Bonnet  divided  longitudinally 
Aefoot  of  the  salamander,  several  additional  digits  were  oc- 
ononllj  formed."  f  ^VTiere  is  the  evidence  of  the  Idea  in 
imtmaeal 

114.  I  repeat,  the  reproduction  of  lost  limbs  is  due  to  a 
inem  whicb  is  in  all  essential  respects  the  same  as  that 
'^tich  odj^ally  produced  them ;  the  genesis  of  one  group  of 
'b  i*  the  necessary  condition  for  the  genesis  of  its  successor, 
:  ■;  can  this  order  be  transposed.  But — and  the  point  is  veiy 
'  I'Ttant — it  is  not  every  part  that  can  be  reproduced,  nor  is 
:  wvry  anitnal  that  has  reproductive  powers.  The  worm,  or 
■i"  BioUaac.  seems  capable  of  reproducing  every  part ;  the 
-at.  wiD  reproduce  its  claws,  but  not  its  head  or  tail ;  the  per- 
'■t  iiueci  of  the  higher  orders  will  reproduce  no  part  (indeed 
.■■  sDipaUtion  of  its  antennae  only  is  fatal),  the  salamander 
'1  reproduce  its  leg,  the  frog  not  In  Imman  beings  a 
TLvle  is  nid  never  to  be  reproduceil ;  but  tliis  is  not  the 
-*e  in  the  rare  examples  of  supplementary  fingers  and  toes, 
irh  have  lieen  known  to  grow  again  afttr  amputation. 
-  -f  GKpUoalion  of  this  diirercuL-i!  in  the  reproductive  powers 
'  diABniit  animals  is  usually  assigned  to  tlie  degree  in 
iijcfa  tbdr  oT}>aoi&m8  retain  the  embryonic  condition;  and 
'  :>  explanation  is  made  plausible  by  the  fact  that  the  ani- 
-tli  wlutJi  wben  ailult  have  no  power  of  replacing  lust  limbs 
■Baomi:  Jf«f|A<Wfl^McAtf  Studim  Hbtr  ilit  Otlailuitg-GuitM,  iSjS. 
oipH*  Uia  note  on  $  1 1. 

;DAB«nt:  (M  I>!»aatieati<ni,   ii.   340     Iii  iha  Annala  daScienttt 
•■  ]*■  3>8.  M.  MAlJtJwienbwialiiiliiuhiH  collection,  the  tail  of  which 
-'■  liaen  broken,  and  tbc  bone  wbioh  grew  out  at  tiiu  iiijunid  siut  hod 
'«aMd  a  Moaad  tail  with  ttmiiDal  &tu 
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have  the  power  when  in  the  larval  state.     But  although  this 
may  in  some  cases  be  the  true  explanation,  there  are  many  in 
which  it  fails,  as  will  be  acknowledged  after  a  survey  of  the 
extremely  various  organisms  at  widely  different  parts  of  the 
animal  series  which  possess  the  reproductive  power.    Even 
animals  in  the  same  cIeiss,  and  at  the  same  stage  of  develop* 
ment,  differ  in  this  respect.    I  do  not  attach  much  importance 
to  the   fact  that  all  my  experiments  on  marine  annelids 
failed  to  furnish  evidence  of  their  power  of  reproducing  lost 
segments ;  because  it  is  difficult  to  keep  them  under  conditions 
similar  to  those  in  which  they  live.     But  it  is  significant  that 
among  the  hundreds  which  have  passed  imder  my  observa- 
tion, not  one  should  have  been  found  with  a  head-s^ment 
in  the  process  of  development,  replacing  one  that  had  been 
destroyed ;  and  this  is  all  the  more  remarkable  from  the  great 
tenacity  of  life   wliich    the    mutilated  segments    manifest 
Quatrefages  had  observed  portions  of  a  worm,  after  gangrenfr 
had  destroyed  its  head  and  several  segments,  move  about  ia^ 
the  water  and  avoid  the  light !  * 

116.  A  final  argument  to  show  that  the  reproduction  i^ 
not  determined  by  any  ruling  Idea,  but  by  the  organic  con- 
ditions and  the  necessary  stages  of  evolution,  is  seen  inth^ 
reappearance  of  a  tumour  or  cancer  after  it  has  been  removed - 
We  find  the  new  tissue  appear  with  all  the  characters  of  tt^ 

*  In  the  memoir  on  the  Anatomy  and  Physiologt/  of  the  Nematoidfi  ^f 
Dr.  Charlton  Bastian,  which  appeared  in  the  Philosophical  TVonw^ 
tions  for  1866,  we  read  that  even  these  lowly-organised  worms  havelit^^ 
power  of  repair.  Speaking  of  the  *' paste  eels  "  {AnguiMidai),  he  says, "  * 
may  state  as  the  result  of  many  experiments  with  these  that  the  ]  owef 
they  possess  of  repairing  injuries  seems  very  low.  I  have  cut  oS 
portions  of  the  posterior  extremity,  and  though  I  watched  the  anim** 
for  days  after,  could  never  recognise  any  attempt  at  repair."  Perhaps 
however,  the  season  may  have  some  influence;  and  Dr.  WnxiAM»^ 
denial  respecting  the  Nais  may  be  thus  explained.  [What  is  said  abo^^ 
was  written  in  1868,  and  published  in  the  June  number  of  the  For^' 
nightly  Rev^iew,  In  the  August  of  that  year  the  question  of  reproduc* 
tioii  of  lost  limbs  was  treated  by  Prof.  Rolleston  in  his  Address  to  i^^ 
British  Medical  Association,  in  which  he  showed  cogent  evidence  for  tb^ 
conclusion  that  the  reproduction  of  limbs  only  exists  in  animals  th** 
have  feeble  respiration,  and  consequently  slow  vital  processes.] 
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I  of  the  gland,  Ilien  rapidly  assume  one  by  ooe 

■of  the  diseaaeii  tissue  which  had  been  removed 

I  ia.  that  the  regeneration  of  the  tissue  is  ac- 

1  hy  the  same  abnonnnl  eonditions  which  fonoerly 

s  to  Uio  tumour:  the  directions  of  "  crystallisation  " 

Hilar  becAuse   the   conditions   are   similar.     In  every 

f  growth  or  regrowth  the  conditions  being  the  same,  tlie 

jiniiist  be  the  same. 

.  U  seems  a  truism  to  insist  that  similarity   in  the 

I  moat  be  due  to  Bimitarity  in  the  conditions ;  yet  it 

|i  whicli  many  theorists  disregard ;   and  especially  do 

I  to  bear  it  in  mind  when  arguing  about  Species, 

here   only   touch   on   the  suggestive   topic   of    the 

jgies  obBer%-ed   not  simply  among  animals  at  the  ex- 

~l  ends  of  tho  scale,   but   also   between   animals   and 

:  irboi«  the  idea  of  a  direct  kinship  is  out   of  the 


[maj  imperiVict  zoological  knowledge  will  not  allow  me 

a  long  array  of  instances,  but  such  an  array  will 

occur  to  every  well-stored  mind.     It  is  enough  to 

the  many  analogies  of  Function,  more  especially 

nproductive  processes — to  the  existence  of  burrowera, 

Dyen,  swimmers  in  various  classes — to  the  existence 

mammals,  jiredatory  birds,  predatory  reptiles, 

^tarj  insentfi  hy  the  side  of  herbivorous  congeners, — to 

■boilding  and  incubating  fiahes ;  and  in  the  matter  of 

the  analogies   are  even    more    illustrative   when 

IT  iJie  widely-diffused  apicula,  seta),  spiues,  hooka, 

feathery  forms,  nettliitg-organs,  poison-sacs, 

,  Ac. ;  because  these  have  the  obvious  ira- 

Iflf  bnin^  due  to  a  community  nf  substance  under  similnr 

tatlier  than  to  a  community  of  kinship.     I'he  beak 

tadpole,  the  ceplialofioil,  tlie  male  salmon,  and  tlie 

!  no  doubt  in  many  respects  unlike ;  but  there  is  a 

nt  likeness  among  them,  which  constitutes  a  tnie 

I  think  them  is  such  au  anulugy  between  the  air- 

of  fiabes  and  the  tracheal  rudiment  which  is  found 
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in  the  gnat-larva  (Coreth/ra  plumieomis)*    Very  remarkable  ^ 
also  is  the  resemblance  of  the  avicuiarium,  or  "  bird's-hea^G? 
process,"  on  the  polyzoon  known  popularly  as  the  CJorkscre'^iv 
Coralline  {Biigvla  avicularia),  which  presents  us  in  miniature 
with  a  vulture's  head — two  mandibles,  one  fixed,  the  other 
moved  by  muscles  visible  within  the  head.     No  one  can 
watch  this  organ   snapping  incessantly,  without  being  re- 
minded of  a  vulture,  yet  no  one  would  suppose  for  a  moment 
that  the  resemblance  has  anything  to  do  with  kinship. 

117.  Such  cases  are  commonly  robbed  of  their  due  signifi- 
cance by  being  dismissed  as  coincidences.    But  what  deter- 
mines the  coincidence  ?    If  we  assume,  as  we  are  justified  in 
assuming,  that  the  possible  directions  of  Organic  Clombination, 
and  the  resultant  forms,  are  limited,  there  must  inevitably 
occur  such  coincident  lines :  the  hooks  on  a  Climbing  Plant 
will  resemble  the  hooks  on  a  Crustacean  or  the  daws  of  a 
Bird,  as  the  one  form  in  which  under  similar  external  forces 
the  more  solid  but  not  massive  portions  of  the  integument 
tend  to  develop.     I  am  too  ill  acquainted  with  the  anatomy 
of  plants  to  say  how  the  hooks  so  common  among  themaiise, 
but  from  examination  of  the  Blackberry,  and  comparison  of  its* 
thorns  with  the  hooks  and  spines  of  the  Crustacea,  I  am  led 
to  infer  that  in  each  case  the  mode  of  development  is  identi — 
cal — namely,  the  secretion  of  cliitine  from  the  cellular  matris^ 
of  the  integument. 

Another  mode  of  evading  the  real  significance  of  sucfc^- 

•  This  beautiful  and  transparent  larva  reminds  one  in  many  respect^ 
of  the  Pike  as  it  poises  itself  in  the  water  awaiting  its  prey.  It  is  em  ^ 
abled  to  do  so  without  the  slightest  exertion  by  the  air-bladders  wbid' 
it  possesses  in  the  two  kidney-shaped  rudiments  of  tracheal,  and  whid^ 
in  the  gnat  become  developed  into  the  respiratory  apparatus.  Tb^ 
resemblance  to  the  air-bladder  of  fishes  is  not  simply  that  it  serves  * 
similar  purpose  of  sustaining  the  body  in  the  water,  it  is  in  both  aa^^ 
a  rudiment  of  the  respiratory  apparatus,  which  in  the  fish  never  be^ 
comes  developed.  Weismann  calls  attention  to  an  organ  in  the  larv^ 
of  certain  insects  (the  Culicuice)^  which  have  what  he  calls  a  tracheal 
gill^  which  gill  has  this  striking  analogy  with  the  fish -gill  that  it  separate^ 
the  air  from  the  water,  and  not,  as  a  trachea,  direct  from  the  atmo- 
sphere. See  his  remarkable  memoir  Die  imcliembriifonaU  Entvf%dubifi9 
des  Muscide7i8,  in  Siebold  unci  Kolliker's  Zeitschrifty  1 864,  p.  223. 
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RMmbltaces  is  to  call  theni  antilogies,  not  homologies.  There 
H  u  idvantage  in  ha^'ing  two  such  terms,  but  we  ought  to 
te  wjy  clear  as  to  tlieir  meaning  and  their  point  of  separa- 
um  Analogy  is  used  to  designate  similarity  in  Function 
nk  disajniilanty  in  Structure.  The  wing  of  an  insect,  the 
ring  of  s  bird,  and  the  wing  of  a  bat,  are  called  analogous, 
kt  not  botnologoas,  because  their  anatomical  structure  is 
liil^rant :  they  are  not  constructed  out  of  sicnilnr  anatomical 
jMti  The  fore-leg  of  a  mammal,  the  wing  of  a  bini,  or  the 
idddl«  of  a  wliale,  are  called  botnologous,  because  in  spit«  of 
ii^ir  direree  uaea  they  are  constructed  out  of  corresponding 
inatoniical  parts.  To  tlie  anatomist  such  distinctions  are  emi- 
bdttlj  aurvicvable.  Hut  they  have  led  to  some  misconceptions, 
Ircaine  tbey  are  connected  witli  a  profound  misconception  of 
tfaer^tion  between  Function  and  Organ.  Embryology  teaches 
tkattbe  vixig  of  the  bird  and  the  paddle  of  the  whale  are  deve- 
iopedout  of  corresponding  parts,  and  that  these  are  not  like  the 
ptiu  from  which  the  wing  of  an  insect  or  the  flying-fish  Mrill  be 
devdoped ;  nevettheless,  the  most  cursory  inspection  reveals 
tlnl  the  viug  of  a  binl  and  the  paddle  of  a  whale  are  very 
mlilce  io  structure  no  lesa  than  in  function,  and  that  their 
divanities  in  function  correspond  with  their  diversities  in 
inctora ;  whereas  the  wing  of  the  insect,  of  the  bird,  and 
rf  tbe  \ml,  are  in  certain  characters  very  similar,  and  cor- 
Rfpoodingly  there  are  similarities  in  tlieir  function.  It  is, 
boweTw,  obvious  that  the  resemblance  in  function  is  strictly 
hoiitcd  to  the  r^iw^mblance  in  anatomical  structure ;  only  in 
loon  ordiiiary  Hpeech  can  the  flight  of  an  insect,  a  bird,  or  a 
W  be  Mid  to  be  "  the  same : "  it  is  different  in  each — the 
vd^l  to  be  moved,  the  rapidity  of  the  movement,  the  pre- 
onoB  of  the  iiioverocnt«,  and  their  endurance,  all  difl'er. 

•fATCKAL  SKLECnOS  AND  ORGANIC  AfFISITV. 
U8.  It  is  itDposaible  to  treat  of  Evolution  without  taking 
ttXice  of  that  luminoua  hypothesis  by  whiL-h  Mr.  Darwin  has 
xtrahnJiHiiaed  Zoology.  I'here  are  two  points  needful  to  be 
'Inriy  ■pprehendcd  before  the  question  is  entered  upon. 
&■  6bA  poiiit  nlaltw  to  the  lax  use  of  the  phrase  "  con- 
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ditions,"  sometimes  more  instructively  replaced  by  "con- 
ditions of  existence."  Inasmuch  as  Life  is  only  possible 
under  definite  relations  of  the  organism  and  its  medium,  the 
"  conditions  of  existence"  will  be  those  physical,  chemicd,  and 
physiological  changes,  which  in  the  organism,  and  out  of  it, 
co-operate  to  produce  the  result  There  are  myriads  of 
changes  in  the  external  medium  which  have  no  correspond- 
ing changes  in  the  organism,  not  being  in  any  direct  relation 
to  it  (see  §  54).  These,  not  being  co-operant  conditions,  mnst 
be  left  out  of  the  account;  they  are  not  conditions  of 
existence  for  the  organism,  and  therefore  the  organism  does 
not  vary  with  their  variations.  On  the  other  hand,  what 
seem  very  slight  changes  in  the  medium  are  often  responded 
to  by  important  changes  in  the  vital  chemistry,  and  con- 
sequently in  the  structure  of  the  organism.  Now  the  nafcure 
of  the  organism  at  the  time  being,  that  is  to  say,  its  structure 
and  the  physico-chemical  state  of  its  tissues  and  plasmodes, 
is  the  main  condition  of  this  response ;  the  same  external 
agent  will  be  powerful,  or  powerless,  over  slightly  different 
organisms,  or  over  the  same  organism  at  different  times. 
Usually,  and  for  convenience,  when  biologists  speak  of  con- 
ditions, they  only  refer  to  external  changes.  This  usage  has 
been  the  source  of  no  little  confusion  in  discussing  the 
Development  Hypothesis.  Mr.  Darwin,  however,  while 
following  the  established  usage,  is  careful  in  several  places  to 
declare  that  of  the  two  factors  in  Variation — the  nature  of 
the  organism  and  the  nature  of  the  conditions — the  former  is 
by  far  the  more  important. 

118a.  A  still  greater  modification  of  terms  must  now 
be  made.  Instead  of  confining  the  "  struggle  for  existence" 
to  the  competition  of  rivals  and  the  antagonism  of  foeS) 
we  must  extend  it  to  the  competition  and  antagomsm  of 
tissues  and  organs.  The  existence  of  an  organism  is  not 
only  dependent  on  the  external  existence  of  others,  and  is  the 
outcome  of  a  struggle ;  but  also  on  the  internal  conditions 
which  co-operate  in  the  formation  of  its  structure,  this 
structure  being  the  outcome  of  a  struggle.  The  organism  is 
this  particular  organism,  differing  from   others,  because  of 
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lie  jiuticulfir  conilitions  wbich  have  co-operated.  Tlie 
pfimuT  atxl  rimdaniental  etn^gle  must  be  that  of  the 
«r;^c  forces  at  work  in  creating  a  structure  capable  of 
ptuhitij;  it«  way  amid  external  forces.  The  organism  must 
find  t  fugting  in  the  world,  before  it  can  compote  with  rivals, 
ud  defend  it«elf  agoiiist  foes.  Owing  to  the  power  of  repro- 
liattion,  every  organism  has  a  potential  iudefiniteness  of 
moteiplicaUoii ;  that  potential  indeSniteuess  is,  liowever,  in 
leabty  restricted  by  liie  supply  of  food,  and  by  the  coni- 
jelittoa  of  rivals  for  that  supply.  The  multiplication  of  any 
lOt  tpeci«s  is  thus  kept  down  by  the  presence  of  rivals  aiid 
i<4»:  B  balance  is  reached,  which  permits  of  the  restricted 
.untities  of  various  spucies.  This  balance  is  the  result  of  a 
■tingle. 

IfoT  let  me  call  attention  to  a  similar  process  in  the 
f'DBation  of  the  organism  itself.  Every  organit«,  and  every 
UisiK,  has  n  potential  growth  of  indefinite  extent,  but  its 
kaI  growth  is  rigorously  limited  by  the  competition  and 
oiufl^nism  of  the  others,  each  of  which  has  its  potential  in- 
'Irbaieaem,  and  its  real  limits.  Something,  in  the  food 
Mnaiilated,  slightly  alters  the  part  which  assimilates  it. 
TUi  cbaogo  may  be  the  origin  of  other  changes  in  the  part 
ibelf,  or  in  neighbouring  parts,  stimulating  or  arresting  the 
vital  processes.  A  modification  of  structure  results.  Or  tliere 
may  be  no  new  subslance  assimilated,  but  external  forces 
naj  call  a  part  into  increased  activity — which  means 
iiaaawd  waste  snd  repair;  and  this  increase  here  is  the 
t*tue  uT  a  corresponduig  decrease  somewhere  else.  What- 
ner  tlie  nature  of  the  change,  it  linds  its  place  amid  a  com- 
I^ei  tit  cbuiges,  and  its  results  are  compounded  with  theirs. 
^Twsn  ufganites  and  tissues  are  said  to  have  a  potential 
ii)definit«lieM  of  growth,  tJiere  is  a.ssumed  a  ])otential  in- 
4dlnJteneM  in  the  pabulum  supplied ;  if  the  pabulum  were 
•op^tlied,  and  1/  there  were  no  antagonism  thwarting  its 
t«imiIal)oa,  growth  would  of  course  continue  without  pause, 
;  but  in  reality  this  cannot  be  so.  For,  take  the  bloo<i 
I  vehicle  of  the  pahulnin — not  only  is  its  quantity 
ilvd,  and  partly  limited  by  the  very  action  of  the  tissues 
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it  feeds,  but  even  in  any  given  quantity  there  is  a  limit  to 
its  composition — it  will  only  take  up  a  limited  quantity  of 
salts,  iron,  albumen,  &c. ;  no  matter  how  abundant  these  may 
be  in  the  food.  So  again  with  the  plasmodes  of  the  yarioos 
tissues — ^they  have  each  their  definite  capacities  of  assimik- 
tion.  What  has  already  been  stated  respecting  chemical 
affinity  (§  20)  is  equally  applicable  to  oiganic  affinity;  as 
the  presence  of  fused  iron  in  the  crucible  partially  obstnicU 
the  combination  of  sulphur  and  lead,  so  the  presence  of  con- 
nective tissue  partially  obstructs  the  combination  of  xnnsde 
protoplasm  with  its  pabulum. 

1186.  Owing  to  the  action  and  reaction  of  blood  and  plas- 
mode,  of  tissues  on  tissues,  and  organs  on  organs,  and  their 
mutual  limitations,  the  growth  of  each  organism  has  a  limits 
and  the  growth  of  each  organ  has  a  limit.   Beyond  this  limit, 
no  extra  supply  of  food  will  increase  the  size  of  the  oiganiam; 
no  increase  of  activity  will  increase  the  organ.    "  Man  cannot 
add  a  cubit  to  his  stature."     The  blacksmith's  arm  will  not 
grow  larger  by  twenty  years  of  daily  exercise,  after  it  has 
once  attained  a  certain  size.    Increase  of  activity  caused  it  to 
enlarge  up  to  this  limit ;  but  no  increase  of  activity  will  cause 
it  to  pass  this  limit.    Why  ?  Because  here  a  balance  of  the  co- 
operating formative  forces  has  been  reached.  Larger  muscles,or 
more  muscle-fibres,  demand  arteries  of  larger  calibre,  and  these 
a  heart  of  larger  size ;  with  the  increase  of  muscle  would  come 
increase  of  connective  tissue ;  and  this  tissue  would  not  only 
compete  with  the  muscle  for  pabulum,  but  by  mechanical 
pressure  would  diminish  the  flow  of  that  pabulum.    And  why 
would  connective  tissue  increase  ?     Because,  in  the  first  place, 
there  is  a  formative  association  between  the  two,  so  that  owing 
to  a  law,  not  yet  understood,  the  one  always  accompanies  the 
other ;  and,  in  the  second  place,  there  is  a  functional  associa- 
tion between  the  two,  a  muscle  fibre  being  inoperative  unless 
it  be  attached  to  a  tendon,  or  connective  tissue ;  it  will  con- 
tract out  of  the  body  although  separated  from  its  tendon  or 
other  attachment ;  but  Z7i  the  body  its  contraction  would  be 
useless  without  this  attachment.     We  must  bear  in  mind 
that  muscle-fibres  are  very  much    shorter  than  ordinary 
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■Mcorduig  to  the  meaBurements  of  W.  Krause  tliey 
,  4  cm  ia  length,  and  usually  range  between 
r  Uieir  fine  points  being  fixed  to  the  interstitial 
1  tissue,  as  the  whole  muscle  is  fixed  to  its  tendon. 
The  fuoction  of  the  muscle  is  thus  dependent  on  a  due 
!*UDce  of  ilA  component  tisanes ;  if  that  balance  is  disturbed 
'U  funclion  is  disturbed.  Should,  from  any  cause,  an  excess 
!  miisi,'le- fibre  arise,  the  balance  would  be  disturbed ;  should 
.11  encroachment  of  connective  tissue,  or  of  fat,  take  place. 
'iiKK  would  be  also  a  defect  of  function. 

Here  »fi'  have  the  co-operation  and  limitation  of  the  tissues 
-loitntcii ;  let  ua  extend  our  glance,  and  we  shall  see  how 
:  r  co-o[ienuion  aud  limitation  of  the  organs  come  into  play, 
■  that  the  resulting  function  depends  on  the  balance  of 
>jr  foroesL  The  contractile  power  of  each  individual  muscle 
■=  il*»yB  limited  by  the  resistance  of  antagonists,  which 
[  RTent  the  muscle  being  contracted  more  than  about  a  third 
( iu  pctsAif  extent,  i.e.,  possible  when  there  arc  no  resist- 
uc«  to  be  overcome.  Not  only  the  increasing  tension  of 
inlAi^tiiat  mnscles,  but  the  resistance  of  tendons,  bones,  and 
»AeT  futs  must  be  taken  into  account.  Thus,  tlie  increase 
'i(  ibe  bbuiksmith's  muscular  power  would  involve  a  con- 
'^■knbli)  increase  in  all  the  tissues  of  the  arm ;  but  such  an 
i^ovaH  would  involve  a  reconstruction  of  Ijis  whole  organism. 
WliBDevfr  there  is  an  encroachment  of  one  tissue  on 
"K4her,  there  is  a  disturbance  of  the  normal  balance,  which 
r%*lilf  pusea  into  a  patholc^'ical  state.  If  the  brain  is 
'■^mui  with  connective  tbsue,  or  the  heart  with  fatty  tissue, 
wc  kncnr  the  consequences.  If  connective  tissue  is  deficient, 
fpitltelut)  ntn*  lo  excess,  no  longer  limited  by  its  normal 
t::t«goiiist,  aiid  pus,  or  cancer  result. 

II81;  It  is  unnecessary  here  to  enlarge  on  this  point.  I 
Uts  addaoed  it  to  show  that  we  must  extend  oitr  conception 
i  the  ttniggle  for  existence  beyond  that  of  the  competition 
lad  antAgonism  of  organisms — the  external  struggle ;  and 
iKclnda  nndcr  it  the  competition  and  antagonism  of  tissues 
'b)  argaos — the  internal  struggle.  Variability  is  inhei'cut 
u  Hgauic  (sbstances,  as  the  result  of  their  indofmiteness  of 
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composition  (§  456).  This  variability  is  indefinite,  and  is 
rendered  definite  by  the  competition  and  antagonism,  so  thai 
every  particular  variation  is  the  resultant  of  a  composition  oi 
forces.  The  forces  in  operation  are  the  internal  and  external 
conditions  of  existence — i.e.,  the  nature  of  the  organism,  anc 
its  response  to  the  actions  of  its  medium.  A  change  maj 
take  place  in  the  medium  without  a  corresponding  response 
from  the  organism  ;  or  the  change  may  find  a  resi)onse  anc 
the  organism  become  modified.  Every  modification  is  f 
selection,  determined  by  laws  of  growth ;  it  is  the  resultant 
of  a  struggle  between  what,  for  want  of  a  better  term,  maj 
be  called  the  organic  affinities — ^which  represent  in  organised 
substances  what  chemical  afifinities  are  in  the  anorganised 
Just  as  an  organism  which  has  been  modified  and  therebjr 
gained  a  superiority  over  others,  has  by  this  modification 
been  selected  for  survival — the  selection  being  only  anothei 
aspect  of  tlus  modification — ^so  one  tissue,  or  one  organ,  whid) 
has  surpassed  another  in  the  straggle  of  growth,  will  thereby 
have  become  selected.  Natural  Selection,  or  survival  of  the 
fittest,  therefore,  is  simply  the  metaphorical  expi'ession  of 
the  fact  that  any  balance  of  the  forces  which  is  best  adapted 
for  survival  will  survive.  Unless  we  interpret  it  as  a  short- 
liand  expression  of  all  the  internal  and  external  conditions  of 
existence,  it  is  not  acceptable  as  the  origin  of  species. 

WSd,  Mr.  Darwin  has  so  patiently  and  profoundly 
meditated  on  the  whole  subject,  that  we  must  be  very  slow 
in  presuming  him  to  have  overlooked  any  important  point. 
I  know  that  he  has  not  altogether  overlooked  this  whidi 
we  are  now  considering ;  but  he  is  so  preoccupied  with  the 
tracing  out  of  his  splendid  discovery  in  all  its  bearings, 
that  he  has  thrown  the  emphasis  mainly  on  the  external 
struggle,  neglecting  the  internal  struggle ;  and  has  thus  in 
many  passages  employed  language  which  implies  a  radical 
distinction  where — as  I  conceive — no  such  distinction  can 
be  recognised.  "  Natural  Selection,"  he  says,  "  depends 
on  the  survival  under  various  and  complex  circum- 
stances of  the  best-fitted  individuals,  but  has  no  relation 
whatever    to   the   primary  cause   of   any   modification    of 


TUB  SXri-EE  OF  UFE. 


107 


ttrDctate."  *  On  Uiifi  we  may  remark.  First,  that  selection 
dots  not  dtpcnd  on  the  fiurvival,  but  is  that  survival ; 
Nnndly,  that  the  best-fitted  individual  survives  because  of 
ibt  modification  of  its  structure  which  has  given  it  the 
iqwriority  ;  therefore  if  the  primary  cause  of  this  modifica- 
liaa  B  not  due  to  selection,  then  selection  cannot  be  the 
wue  of  species.  He  separates  N^atural  Selection  from  all 
the  priiiiaiy  causes  of  variation,  either  internal  or  external — 
Hthw  aa  results  of  the  laws  of  growth,  of  the  corrtilations  of 
viriation,  of  use  and  disuse,  &c.,  and  limits  it  to  the  slow 
t.-cainahuions  of  such  variations  as  are  profitable  in  the 
cn^j^  with  compelitora.  And  for  his  purpose  this  sepora- 
tim  ia  Dcvcssary,  Bnt  biological  philosophy  must,  I  think, 
Rguil  ibe  distinction  as  artificial,  referring  only  to  one  of 
Hbt  gKot  factore  in  the  production  of  species.  And  for  this 
Muan :  Selection  only  comes  int«  existence  in  the  modifica- 
Uuis  prodaced  either  by  external  or  internal  changes;  and 
lb«  sdoctod  change  cannot  be  developed  further  by  mere  in- 
IwriUDOc,  unless  the  successive  pi'ogeny  have  such  a  disposi- 
liuB  of  the  organic  affinities  as  will  repeat  the  primary 
(Icui^  Inherited  superiority  will  nut  by  mere  transmission 
l(ooo>e  greater.  The  facta  which  are  relied  on  in  support  of 
tl*  idea  of  ■■  fixity  of  species,"  show  at  any  rate  that  a  given 
Kpefiority  nill  remain  stationary  for  thousands  of  years ;  and 
te>  one  supposes  that  tlie  progeny  of  an  organism  will  vary 
u&IcM  »om«  external  or  internal  cause  of  variation  accom- 
puu«t  the  inheritance.  Mr.  DanA'in  agrees  with  Mr.  Si>encer 
m  admitting  the  difficulty  of  distinguisliing  between  the 
ciSecta  of  some  definite  action  of  external  conditions,  and  the 
TriiiBnlattQO  through  natural  selection  of  inherited  varia- 
titoit  serviceable  to  the  organism.  But  even  in  cases  wht^re 
ill*  disttnction  couM  Iw  clearly  established,  I  tlitnk  we  should 
only  MO  an  histvrifol  distinction,  that  is  to  say,  one  between 
HbcU  jmducod  by  particular  causes  now  in  operation,  and 
fftcts  produced  by  vi;ry  complex  and  obscure  causes  in 
■qwniion  during  ancestral  development. 
II8#.  The  reader  will  understand  that  my  criticism  does 
*  TV  Vaniitiono/AnitiutUan4Plaiitt,ii68,ti.  1^273. 
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not  pretend  to  invalidate  Mr.  Darwin's  discovery,  but 
rather  to  enlarge  its  terms,  so  as  to  make  it  include 
all  the  biological  conditions,  and  thus  explain  many 
of  the  variations  which  Natural  Selection — in  the  re- 
stricted acceptation — ^leaves  out  of  account.  Mr.  Darwin 
draws  a  broad  line  of  distinction  between  Variation  and 
Selection,  regarding  only  those  variations  that  are  favourable 
as  selected.  I  conceive  that  all  variations  which  survive 
are  by  that  fact  of  survival,  selections,  whether  favourable  or 
indifferent.  A  variety  is  a  species  in  formation ;  now  Selec- 
tion itself  is  not  a  cause,  or  condition,  of  variation,  it  is  the 
expression  of  variation.  Mr.  Daxwin  is  at  times  explicit 
enough  on  this  head :  **  It  may  metaphorically  be  said  that 
Natural  Selection  is  daily  and  hourly  scrutinising  throughout 
the  world  the  slightest  variations ;  rejecting  those  that  are 
bad,  preserving  and  adding  up  all  that  are  good ;  silently  and 
insensibly  working,  whenever  and  wherever  opportunity 
offers,  at  the  improvement  of  each  organic  being  in  relation 
to  its  organic  and  inorganic  conditions  of  life."*  But  the 
metaphorical  nature  of  the  term  is  not  always  borne  in  mind, 
so  that  elsewhere  Natural  Selection  is  said  to  **  act  on  and 
modify  organic  beings,"  as  if  it  were  a  positive  condition  and 
not  the  expression  of  the  modifying  processes.  Because 
grouse  are  largely  destroyed  by  birds  of  prey,  any  change  in 
their  colour  which  would  render  them  less  conspicuous, 
would  enable  more  birds  to  escape ;  but  it  is  obvious  that 
this  change  of  colour  will  be  due  to  Organic  AflBnity ;  and 
only  when  the  change  is  effected  will  there  have  been  that 
selection  which  expresses  it.  Mr.  Darwin's  language,  how- 
ever, is  misleading.  He  says:  "Hence  Natural  Selection 
might  be  most  efifective  in  giving  the  proper  colour  to  each 
kind  of  grouse,  and  in  keeping  that  colour  when  once 
acquired."  This  is  to  make  Selection  an  agent,  a  condition 
of  the  development  of  colour ;  which  may  be  accepted  if  we 
extend  the  term  so  as  to  include  the  organic  changes  them- 
selves. Again :  **  Some  writers  have  imagined  that  Natural 
Selection  induces  variability,  whereas  it  only  implies  the  pre- 

*  Origin  of  Species,  5th  ed.  p.  96. 
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t  such  variations  as  are  beneticial  to  the  Leing  under 
kcoDililionflof  life."  It,  however,  is  made  to  imply  more  than 
b^umdj,  the  accumulation  and  further  modification  of 
"The  mere  existence  of  individual  variability 
B  well-marked  varieties,  though  necessarj'  aa  the 
I,  helps  U8  but  little  in  understanding  how  species 
n  nature.  How  have  all  those  exquisite  adaptations  of 
t  of  the  organisation  to  another  part,  and  to  the  con- 
_  «  of  life,  and  of  one  oi^anic  boing  to  another  being,  been 
pofected  ? "  My  answer  to  ibis  question  would  be :  By 
'  'rxioic  Affinily,  and  the  resulting  struggle  of  the  tissues 
.nil  otgsas,  the  consequences  of  which  are  that  very  adapta- 
(khi  of  ibe  organism  to  external  conditions,  which  is  ex- 
fttmed  u  the  itledion  of  the  structures  best  adapted,  The 
Mlectiuna  ure  tlic  results  of  the  stmgglo,  according  to  my 
ptopoted  extension  of  the  term  "struggle."  Mr.  Darwin 
dcfineB  the  stmg^^le :  "  The  dependence  of  one  l>eing  on 
■notber,  and  including  (what  is  more  important)  not  only 
Um  Ufa  of  the  indi\-idual  but  success  in  leaving  progeny." 
This  ilefinition  seems  defective,  since  it  omits  the  [irimary  and 
nun  imporlAnt  struggle  which  takes  place  between  the 
nrptoic  mlUiiities  iu  operation.  To  succeed  in  the  struggle 
«itli  oompetitora.  the  organism  must  have  tirst  acquired — by 
■<)lwtiwi — a  superiority  in  one  or  more  of  ils  organs. 

118^.  A  litUu  rvflection  will  disclose  the  importance  of 
lucptD];  our  eyes  fixed  on  the  internal  causes  of  variation,  as 
veil  ■•  00  tlie  external  conditions  of  the  struggle.  Mr. 
Ihwin  Beems  to  imply  that  the  external  conditions  which 
—Tir  a  Taiiolion,  an*  to  be  distinguished  from  the  conditions 
vbicb  accumulate  aud  perfect  such  variation,  that  is  to  say, 
b«  impliea  ■  ndical  ditlerence  between  the  process  of  varia- 
uuB,  asd  lite  process  of  selection.  This,  I  have  already  said, 
io»  Dot  Beem  to  me  acceptable ;  the  selection,  I  conceive,  tu 
L«  amply  tltu  variation  which  has  survived.* 

*  Mr.  Uarwiii  bu  iiiiumrlf,  in  the  roUovfing  [MSMige,  stntcil  a  amDenlikt 
■wilar  new,  taiA  rvjnctfld  il; — "  In  oDe  seiiov  tL(<  O'lnditiotm  of  life  m&jr 
U  «jd  not  aulj  to  AiiM  viu-iabiUl}',  but  likMrise  tu  include  XaturnI 
^1  ■'liiiu,  llor  tk<  tiondilumi  deUrmint  vhtthtr  fhi*  or  liiat  varitly  thcdl 
Bat  wbflo  uian  la  tlie  teloctiug  igeut,  we  cl«artjr  nee  tlwt  the 
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If  it  be  true  that  a  Variety  is  an  incipient  Species  and 
shows  us  Species  in  formation,  it  is  in  the  same  sense  tnie 
that  a  variation  is  an  incipient  organ.  A  species  is  the  result 
of  a  slowly  accumulating  divergence  of  structure ;  an  organ 
is  the  result  of  a  slowly  accumulating  differentiation.  At 
each  stage  of  differentiation  there  has  been  a  selection,  but 
we  cannot  by  any  means  say  that  this  selection  was  deter- 
mined by  the  fact  of  its  giving  the  organism  a  superiority 
over  rivals,  inasmuch  as  during  all  the  early  stages,  while  the 
organ  was  still  in  formation,  there  could  be  no  advantage 
accruing  from  it.  One  animal  having  teeth  and  claws  de- 
veloped will  have  a  decided  superiority  in  the  struggle  over 
another  animal  that  has  no  teeth  and  claws ;  but  so  long  as 
the  teeth  and  claws  are  in  an  undeveloped  state  of  mere 
preparation  they  confer  no  superiority. 

118^.  Natural  Selection  is  only  the  expression  of  the 
results  of  obscure  physiological  processes ;  and  for  a  satisfac- 
tory theory  of  such  results  we  must  understand  the  nature 
of  the  processes.  In  other  words  to  understand  Natural 
Selection  we  must  recognise  not  only  the  facts  thus  expressed, 
but  the  factors  of  these  facts— we  must  analyse  the  "con- 
ditions of  existence."  As  a  preliminary  analysis  we  find 
external  conditicnis,  anw^ng  which  are  included  not  only  the 
dependence  of  the  organism  on  the  inorganic  medium,  but 
also  the  dependence  of  one  organism  on  another — the  com- 
petition and  antagonism  of  the  whole  organic  world ;  and 
internal  conditions,  among  which  are  included  not  only  the 
dependence  of  the  organism  on  the  laws  of  composition  and 
decomposition  whereby  each  organite  and  each  tissue  is 
formed,  but  also  the  dependence  of  one  organite  and  one 
tissue  on  all  the  others — the  competition  and  antagonism  of 
all  the  elements. 

The  changes  wrought  in  an  organism  by  these  two  kinds 
of  conditions  determine  Varieties  and  Species.     Althougb- 

two  elements  of  change  are  distinct ;  the  conditions  cause  the  varia^ 
bility,  the  will  of  man  acting  either  consciously  or  unconsciously 
accumulates  the  variations  in  certain  directions,  and  this  answers  U^ 
the  survival  of  the  fittest  under  nature  "  (p.  i68.) 
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Bior  of  the  changes  are  due  to  the  process  of  natural  selec- 
tioo  laoogbt  about  in  the  straggle  with  competitors  und  foes. 
amy  other  changes  have  no  such  relation  to  the  external 
uniKgK  hut  are  simply  the  results  of  the  organic  atlinities. 
Vxy  may  or  they  may  not  give  the  organism  a  greater 
Aibility,  or  a  greater  advantage  over  rivals ;  it  is  enough 
t  tiiey  are  no  disadvantage  to  the  organism,  they  will 
then  survive  by  virtue  of  the  forces  which  produced  them. 

119.  The  position  thus  reached  will  be  important  in  our 
RaminatioR  of  the  Theory  of  Descent  by  which  Mr.  Darwin 
Intathrely.  and  liis  followers  boldly,  explain  the  observed 
I  in  Blnicture  and  function  as  due  to  blood- 
The  doctrine  of  Evolution  affirms  that  all 
organianis  are  evolved  by  differentiation  from 
pier  organisms,  as  we  see  the  complex  organ  evolved 
D  ahnpler  forms.  But  it  does  not  necessarily  affirm  that 
ftl  nut  variety  of  organisms  bad  one  starting-point — one 
on  the  contrary,  I  conceive  that  the  principles 
j(  Erototiou  are  adverse  to  such  a  view,  and  insist  rather 
(B  Um  necessity  of  innumerable  starting-points.  Let  us 
r  Uie  (question. 
Tbat  the  Theory  of  Descent  explains  many  of  the  facts 
:  be  admitted ;  but  there  are  many  which  it  leaves 
;  and  Mr.  Darwin,  with  that  noble  calmness  which 
Bttiii)t<u«he)i  him,  admits  the  numerous  difliculties.  Whether 
eniriU  hereafter  be  cleared  away  by  an  improvement  in 
e  Geological  Kecord,  now  confessedly  imperfect,  or  by  more 
hutttive  exploration  of  distant  countries,  none  can  say; 
^t,  to  my  mind,  the  probability  is,  tliat  we  shall  have  to  seek 
t  explanation  by  enlai^ng  the  idea  of  Natural  Selection. 
■boidiitaUiig  it  to  the  laws  of  Organic  Affinity.  It  does  not 
lai  to  tne.  at  present,  warrantable  to  assume  Descent  as  the 
e  |iriocii4c  of  morjihoktgical  uniformities  ;  there  are  other 
pnuoila  of  resemblance  beyond  those  of  blood-relationship ; 
d  these  have  been  too  much  overlooked;  yet  a  brief  con- 
1  will  disclose  that  similarity  in  the  physiological 
I  uid  the  conditions  of  Organic  Affmity  must  produce 
'  ID  oii^anisms,  independently  of  relationship ;  just 
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as  similarity  in  the  laws  and  conditions  of  inoiganic  affinity 
will  produce  identity  in  chemical  species.  We  do  not 
suppose  the  carbonates  and  phosphates  found  in  various  paits 
of  the  globe,  or  the  famULes  of  alkaloids  and  salts,  to  have  any 
nearer  kinship  than  that  which  consists  in  the  similarity  of 
their  elements  and  the  conditions  of  their  combination. 
Hence,  in  organisms,  as  in  salts,  morphological  identity  may 
be  due  to  a  community  of  conditions,  rather  than  community 
of  descent.  Mr.  Darwin  justly  holds  it  to  be  "  incredible 
that  individuals  identically  the  same  should  have  been  pro- 
duced through  Natural  Selection  from  parents  specificaUy  dih 
tinct"  but  he,  since  he  admits  analogous  variations,  will  not 
deny  that  identical  forms  might  issue  from  parents  having 
widely  different  origins,  provided  that  these  parent  forms  and 
the  conditions  of  their  reproduction  were  identical,  as  in  the 
case  of  vegetable  and  animal  resemblances.  To  deny  this 
would  be  to  deny  the  law  of  causation.  And  that  which  is 
true  of  identical  forms  imder  identical  conditions  is  true  of 
similar  forms  imder  similar  conditions.  When  Histoiy  and 
Ethnology  reveal  a  striking  uniformity  in  the  progression  of 
social  phases,  we  do  not  thence  conclude  that  the  nations  are 
directly  related,  or  that  the  social  forms  have  a  common  parent- 
age ;  we  conclude  that  the  social  phases  are  alike  because 
they  have  had  common  causes.  When  chemists  point  out  the 
uniformity  of  type  which  exists  in  compounds  so  diverse  in 
many  of  their  properties  as  water  and  sulphuretted  or  sele- 
netted  hydrogen,  and  when  they  declare  phosphoretted  hydro- 
gen to  be  the  congener  of  ammonia,  they  do  not  mean  that 
the  one  is  descended  from  the  other,  or  that  any  closer  link 
connects  them  than  that  of  resemblance  in  their  elements. 

In  the  case  of  vegetal  and  animal  organisms,  we  observe  such 
a  community  of  elementary  substance  as  of  itself  to  imply  a 
community  in  their  laws  of  combination ;  and  under  similar 
conditions  the  evolved  forms  must  be  similar.  With  this 
community  of  elementary  substance,  there  are  also  diversities 
of  substance  and  of  co-operant  conditions ;  corresponding  ^-ith 
these  diversities,  there  must  be  differences  of  form.     Thus, 
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I  oheen'atioo  reveals  that  the  bond  of  kinship  does 
mSj  tuiile  many  widely  divergent  forms,  and  the  principle 
<i  Dtaoent  vith  Katnral  Selection  will  acc«iint  for  many  of 
1^  MCfflUances  and  dijferences,  there;  is  at  present  no  warrant 
tbrMKtnuDg  that  all  resemblances  and  differences  are  due  to 
iiw  one  csQse,  but,  on  ihe  contrary,  we  are  justilied  in 
onuning  a  deeper  principle  which  may  Ite  thus  formulated : 
AH  the  complex  organisms  are  evolved  from  oiij;ntiiema  leas 
wcDplex,  as  these  were  evolved  from  simpler  forms;  the  link 
*iiiiJi  tmitcs  all  organisms  is  not  always  the  common  bond  of 
iniupe,  hut  the  uniformity  of  organised  substance  acting 
aula  umilar  conditions. 

It  is  thervforti  consiat^mt  with  tlie  hypotbesia  of  Evolution 
[.,  admit  a  variety  of  on'gins  or  slarting-pouits,  tboujjh  not 
r'liniitgnt  to  admit  the  sudden  appearance  of  complex  T^'pes, 
rach  w  *■  implied  in  the  hypothesis  of  specific  creations. 

llOtt.  The  ansdogies  of  oi^nic  forms  and  functions  de- 

nuad  a  more  cxhauHtive  scrutiny  tlian  has  yet  been  given 

'»«.    Why  is  it  that  vessels,  nerves,  and  bones  ramify 

"um  brandies,  wid  why  do  these  branches  take  on  the  aspect 

f  many  crystalline  forms !     Why  is  it  that  cavities  are  con- 

'^kotly  jirolonged   in  ducts,  e^.,  tlie   mouth   succeeded   by 

'^9  iBopha^DS,  the  stomach  by  the  intestines,  the  bladder 

7  the  orelbra,  the  heart  by  the  aorta,  the  ovary  by  the 

''i>ltict,  and  so  on?     Why  are  there  never  more  than  four 

:  mW  attached   to   a  vertebral  column,   and   these   always 

■j.ii.il   to   particular  vertehnu?     Why   is  there   a  tend- 

.  r  ill  '^-.rtain  tissues  to  form  tubes,  and  in  these  tul>e8 

-.iiiii.tily  to  assume  a  muscular  coat  !•     To  some  of  these 

n--  .m  answer  might  be  suggested  which  would  bring 

m  iiiidtT  known  physical  laws.     I  merely  notice  them 

r-  :<  r  the  sake  of  emphasisin;;  the  fact  that  such  analogies 

.     l"  ]ily  embetlded  in  the  laws  of  evolution,  puid  that  what 

-■  )--n  m«tttphoricully  called  organic  crj'stidlisation,  will 

•ju;.i  fur  many  fiimilarities  in  form,  without  forcing  U8  to 

i.\._  r.^xui^e  lij  kiusliip.     To  take  a  very  simple  case.     Ko 

■  Eitu  in  il;o  tiene-ubmtha  of  Mine  Auiielids  there  ■«  nuiKlea. 
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one  will  maintain  that  the  crystalline  fonns  of  snow  have 
any  kinship  with  the  plants  which  they  often  resemble.  Mr. 
Spencer  has  noticed  the  development  of  a  wing-bearii^ 
brancli  from  a  wing  of  the  PtUota  plumosa,  when  its  nutri- 
tion is  in  excess.  "  This  form,  so  strikingly  like  that  of  tlie 
feathery  crystallisations  of  many  inorganic  substances,  proves 
to  us  that  in  such  crystallisations  the  simplicity  or  complexity 
of  structure  at  any  place  depends  on  the  quantity  of  matter 
that  has  to  be  polarised  at  that  place  in  a  given  time.  How 
the  element  of  time  modifies  the  result,  is  shown  by  the 
familiar  fact  that  crystals  rapidly  formed  are  small,  and  that 
they  become  larger  when  they  are  formed  more  slowly."  * 

It  may  be  objected,  and  justly,  that  in  the  resemblance 
between  crystals  and  organisms  the  analogy  is  purely  that  of 
form,  and  usually  confined  to  one  element,  whereas  between 
organisms  there  is  resemblance  of  substance  no  less  than  of 
form,  and  usually  the  organisms  are  alike  in  several  respects. 
The  answer  to  this  objection  is,  that  wherever  there  is  a 
similarity  in  the  causal  conditions  (substance  and  history) 
there  must  be  a  corresponding  similarity  in  the  results;  if 
this  similarity  extends  to  only  a  few  of  the  conditions,  the 
analogy  will  be  slight;    if  to  several,  deep.     But  whether 
slight  or  deep  we  are  not  justified,  simply  on  the  ground 
of  resemblance,  in  assuming,  shoi-t  of  evidence,  that  because 
they  are  alike,  two  organisms  are  related  by  descent  from  a 
common  ancestor. 

120.  Let  us  glance  at  a  few  illustrations.  It  has  been  urged 
as  a  serious  objection  to  Mr.  Darwin's  hypothesis,t  that  it  fails 
to  explain  the  existence  of  phosphorescent  organs  in  a  few 
insects ;  and  certainly,  when  one  considers  the  widely-different 
orders  in  which  these  organs  appear,  and  their  absence  in 
nearly-related  forms,  it  is  a  difficulty.  In  noctilucae,  earth- 
worms, molluscs,  scolopendra,  and  fire-flies,  we  may  easily 
suppose  the  presence  of  similar  organic  conditions  producing 
the  luminosity;   but  it  requires  a  strong  faith  to  assign 

•  Spencer,  Principles  of  Biology,  ii.  72. 
t  Faivre,  VariabUiU  de  V  £8p^ce,  p.  15. 
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cause.*    We  may  any  the  aaine  of  the  electric 

by  seven  species  of  fish,  beloDging  to  five 

genera.     Although  each  species  appears  to 

geographic  111  range,  one  or  the  other  is  fouuil  in 

m  every  part  of  the  globe.     These  oi^ana  occupy  difTei'ont 

being  now  on  each  side  of  the  head,  now  along  the 

along  the  tail ;  and  in  different  species  they 

from  different  sources.      Tlieir  intimate  stnic- 

'nnes;as  appears  from  the  remarkable  invesligu- 

Max  Schultze.f     Tbey  cannot,  therefore,  be  homolo- 

How  could   they  have  arisen?      Not  by  the   slow 

itiona  of  Natural  Selection,  because,  until  ihe  oi^aus 

ly  fonned,  tliey  could   be  of  no  advantage  in  the 

;  hence  the  slow  growth  of  the  organ  must  have  pro- 

iCUt  the  aid  of  an  advantage  in  the  struggle — 

from   some  analogous  conditions  which   pro- 

itiatinn  in  certain  muscles.     The  fundamental 

to  muscles  was  |>ointed  out  by  Cai-us  lung  ago. 

on  by  Leydig :  J  and  Owen  says,  "  The 


huniooiu  nrgADH  would  furnish  nn  interestiog  digresnioD  if 

■mittcil  It.    Tlie  student  m  rcfarreJ  to  the  chn|iter  in  MiLNB 

pfk  ^(ou  nr  la  PhyiialngU  tt  VAnaltmU  Couifark,  1863,  viii. 

LnMO  :   ffiiloiogit,   1857,  p-  343.     KiiLLiKER:  Mterotcopieai 

t  iSjS,  riil.  166,  ftiiil  Max  Schdi/TIck,  Ai-c/iiv  /iir  mtlrini.  A'lat, 

■  14.    Mjr  frieoil  ScHCUTZK  wna  kiud  ciHmgh  to  nhow  me  dome 

|tttf«r*tion»  of  the  orgftiis  of  Ltmjiyrit  wpUndidula,  fi'nm  which 

)g*  in  bis  memoir  wer«  mode.     T)iey  reuindeij  me  of  th« 

pum  in  fishes  by  k  certain  fAiut  analogy,  the  traohca  in  the 

biifais  U>e  puwitioii  of  nervea  in  the  other.     I  may  reutnik,  in 

i^tlwt  it  ia  not  every  phovphorosoent  animul  that  bos  dixtiiict 

■M  orfUM.     Them  io  b  lixiu-il  (FleToJaclylut  Gtcio)  which  occn- 

m  bMonm  lumiauUH.    "  A  ^iiiyuUr  ciM-iimstMice  occurred  to  tht> 

fi  aitTgeod,  who  rclAt«cI  it  to  me.     H«  was  lyiun  awake  in  l>ed 

■  knn)  (vll  from  ths  oriling  u]>on  the  t<i)i  of  biH  raoRquito- 

P;  at  tb«  moment  of  toucliitig  it  thu  li»ir<t  liecams  brilliantly 

fM,  ilhuntRktiug  the  objects  iu  tlit)  neigh  lH>urlio»(l,  luuch  to  the 

McMiit  of  the  doctor."    Coluhuwoou,  RanMii  of  a  jVotumZuf, 

tUE  ScitCLT«:  Zur  Ktnnlnut  der  rketi-itcAfn  Orgaiyt  der  Pitthr, 


i  Bitlotegie,  1857,  p.  45. 
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TOW  of  compressed  cells  constituting  the  electric  piism  of  the 
Torpedo  offers  some  analogy  to  the  row  of  microscopic  discs  of 
which  the  elementary  muscle  fibre  appears  to  consist."  *  We 
must  not,  however,  forget  that  these  resemblances  are  merelj 
such  as  suggest  that  the  electric  organ  is  a  differefUiation  of 
the  substance  which  elsewhere  becomes  muscular,  and  that 
Dr.  Davy  was  justified  in  denying  the  organ  to  be  muscular.t 
That  it  is  substituted  for  muscle  cannot  be  doubted.  Kow, 
although  we  are  entirely  ignorant  of  the  conditions  which 
cause  this  differentiation  of  substance  which  elsewhere  be- 
comes muscular,  but  here  becomes  electric  organs,  we  can 
understand  that,  when  once  such  a  development  had  taken 
place,  if  it  in  any  way  profited  the  fish  in  its  struggle  for 
existence,  Natural  Selection  would  tend  to  its  further  increase 
and  propagation.  So  far  Mr.  Darwin  carries  us  with  him; 
but  we  decline  proceeding  further.  The  development  of 
these  organs  in  fishes  so  widely  removed,  does  not  imply  an 
ancestral  community.  It  is  interpretable  as  mere  growth  on 
a  basis  once  laid ;  and  therefore  would  occur  with  or  without 
any  advantage  in  the  struggle  with  rivals.  The  similarity 
iu  concurrent  conditions  is  quite  enough  to  account  for  the 
resemblance  in  structure.  This,  with  his  accustomed  candour, 
Mr.  Darwin  admits.  "  If  the  electric  organs,"  he  says,  "  had 
been  iulierited  from  one  ancient  progenitor  thus  provided,  we 
might  have  expected  that  all  electric  fishes  would  be  specially 
related  to  each  other.  Nor  does  Geology  at  all  lead  to  the 
belief  that  formerly  most  fishes  had  electric  organs  which 
most  of  tlieir  modified  descendants  have  lost." 

121.  It  may  seem  strange  that  he  should  urge  a  difficulty 
against  his  hypothesis  when  it  could  be  avoided  by  the  simple 
admission  that  even  among  nearly  aUied  animals  great  differ- 
ences in  development  are  observable,  and  the  electric  organs 
might  be  ranged  under  such  diversities.     But  Mr.  Darwin  ha^ 
so  thoroughly  wrought  out  his  scheme,  that  he  foresees.  mo&^ 
objections,  and  rightly  suspects  that  if  this  principle  of  dive^^' 
gent  development  be  admitted,  it  will  cut  the  ground  fro^^ 

*  Owen  :  Anatomy  of  the  Vertebrates^  1866,  i.  358. 

t  Davy  :  Researches^  Physiological  and  Anatomical^  139,  i.  33. 
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!r  a  vut  airay  of  facta  which  his  hypothesis  of  Descent 
na. 

Ike  sadden  appearance  of  new  organs,  not  a  trace  of  which 
I  discemihle  in  the  embryo  or  adult  form  of  organisms 
Bfcver  in  the  scale, — for  instance,  tlie  phosphorescent  and 
organs  —  is  like  the  sudden  appearance  of  new 
1  the  social  oijjanism,  such  as  the  printing- 
I  and  the  railway,  wholly  inexplicable  on  the  theory 
r  Deacent,*  but  is  explicable  on  the  theory  of  Organic 
laity.  For  observe:  if  we  admit  that  differentiations  of 
etura,  and  the  sudden  appearance  of  organs,  can  have 
I  spcmtaneotisly — i.e.,  not  hereditarily — as  the  outcome 
of  eeitain  changed  physical  conditions,  we  can  hardly  refuse 
to  sxtend  to  ihe  whole  organism  what  wo  admit  of  a  parti- 
cnkr  organ.  If,  again,  we  admit  that  organs  very  similar 
IB  rtnntan!  and  function  spontaneously  appear  in  oi^nisms 
of  widely  different  kinds — f.g.,  tho  phosphorescent  and  electric 
—we    must    also    admit   that    similar    resemblances 

ii  ooaU  b«  d«iuon«tnt«d  that  ah;  complex  organ  ezinteil  which 

uc  be«u  fonned  byDumerouasiicceaoivefilightmodi- 

■  woul'I  abaolutely  break  dowo."  Oarwla. — (higin  0/ 
teveni  passages  insistence  in  made  on  tills. 
_  tain"iiiBy  lie  |>crf«ctlytruej  but  without  impugn- 

*  of  CSgntiDuiijr  we  mt-j  urge  that  the  Law  of  Disoontinuity 
■atquDf  tnw.  The  one  i«  an  abstract  ideal  conception  -  the  other  is  a 
HKnM  Uoal  ociDOeptiuu.  According  tn  the  one,  ererj  cliaiige  from  rest 
ta  matieft,  or  from  one  aUte  to  another,  must  paaa  through  iuBnites  ; 
aecartiag  to  the  olber  »very  change  is  abrupt.  Iti  my  First  Seriea, 
ni  L  pi  J09,  I  have  ahown  bow.  on  mechanical  principles,  every 
Aangi  )n  an  orxaniam  luuat  bo  ahrnjit.  A  glance  at  the  meta- 
MtfpbMM  of  the  embr]">,  or  trie  atages  iif  iuaect-tlevelupment, 
nil  alww  nrrj  auddcn  aiiil  abrupt  chaiigea.  Let  ine  also  cite  Mr. 
Darwin  agaiaat  hinuwlf  ;  ''  W'lieu  wi-  remember  auoh  eases  oa  the  forma- 
■Mofthe  man eumplei  galls,  and  certain  nionstrosil lea,  which  cannot 
Uaoeonntsj  fnr  b^raveraion,  tohauon,  tK.,tiad  sudden,  itrooffly'inarttd 
imittiiim$  tf  itmeturt,  aai'li  as  the  aplxnrance  of  a  moss-rose  on  a  com- 
&■«  roae,  we  mamt  admit  that  the  orgonisatiou  of  tlie  individual  is 
0[bUc  tbrcingh  it*  ovti  lain  nf  ffrovrth,  under  ctrlaiit  amditioTU,  of 
■xrWrfDing  great  modiflcatione,  imle)>etiit«Dtof  the  gradual  accumula- 
iiM  i(  iligltt  inbentMl  mudilicationa.'' — Origin,  f.  151.  See  also  note  to 
jij^fagthar  rni,  ^  las- 
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may  present  themselves  in  organisms  having  a  widely- 
different  parentage ;  and  thus  the  admission  of  the  sponta- 
neous evolution  of  closely-resembling  organs  carries  with 
it  the  admission  of  the  spontaneous  evolution  of  closely- 
resembling  organisms :  that  the  protoplasm  of  muscular 
tissue  should,  under  certain  changed  conditions,  develop  into 
the  tissue  of  electric  organs,  is  but  one  case  of  the  law  that 
organised  substance  will  develop  into  organisms  closdy 
resembling  each  other  when  the  conditions  have  been  similar. 

122.  It  is  to  be  remarked  that  Mr.  Darwin  fixes  his  atten- 
tion somewhat  too  exclusively  on  the  adaptations  which 
arise  during  the  external  struggle  for  existence,  and  to  that 
extent  neglects  the  laws  of  organic  affinity  ;  just  as  Lamarck 
too  exclusively  fixed  his  attention  on  the  influence  of  external 
conditions  and  of  wants.  Not  that  Mr.  Darwin  can  be  said 
to  overlook  the  organic  laws ;  he  simply  under-estimates  the 
part  they  play.  Occasionally  he  seems  arrested  by  them,  as 
when  instancing  the  "trailing  paJm  in  the  Malay  Archipelago, 
which  climbs  the  loftiest  trees  by  the  aid  of  exquisitely 
constructed  hooks,  clustered  around  the  ends  of  the  branches, 
and  this  contrivance  no  doubt  is  of  the  highest  service  to  the 
plant ;  but  as  there  are  nearly  similar  hooks  on  many  trees 
which  are  not  climbers,  the  hooks  on  the  palm  may  have 
arisen  from  unknown  laws  of  growth,  and  have  been  subse- 
quently taken  advantage  of  by  the  plant  undergoing  further 
modification  and  becoming  a  climber." 

123.  I  come  round  to  the  position  from  which  I  started, 
that  the  resemblances  traceable  among  animals  are  no  prooi 
of  kinsliip ;  even  a  resemblance  so  close  as  to  defy  discrimi- 
nation would  not,  in  itself,  be  such  a  proof.     The  absolute 
identity  of  chalk  in  Australia  and  in  Europe  is  a  proof  that 
there  was  absolute  identity  in  the  formative  conditions  an<^ 
the  constituent  elements,  but  no  proof  whatever  that  the  tvr^^ 
substances  were  originally  connected  by  genesis.      In  lik^ 
manner  the  similarity  of  a  plant  or  animal  in  Africa  an^ 
Europe  may  be  due  to  a  common  kinsliip,  but  it  may  also  be  du^ 
to  a  common  history.     It  is  indeed  barely  conceivable  that  th  ^^ 
history,  from  first  to  last,  would  ever  be  so  rigorously  identic»J 
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in  two  part*  of  the  glolie  as  to  produce  complex  i  Jenticjil  forma 
IB  both ;  because  any  diversity  either  in  structure  or  external 
ondidoiw  may  b«  the  starting-point  of  a  wide  diversity  in 
fuhsMiiient  development ;  and  the  case  of  organic  combjim- 
liou  is  so  far  anlike  the  inorganic,  tliat  while  only  one  form 
ii  poanUe  to  the  latter  (chalk  is  either  formed  or  not  fanned), 
ayny  foma  are  poa§ible  to  or^'anic  elements  owing  to  the 
ntn^ilenty  and  indefiniteness  of  organic  composition.  But 
ihiioagh  fonuB  so  allied  as  those  of  Species  are  not  readily 
^siisnahle  to  an  identical  history  in  different  qnarters  of  the 
:'.  i».  it  ifl  not  only  conceivable,  but  is  eminently  probable, 
i!al  OnliTs  and  Classes  have  no  nearer  link  of  relationship 
than  is  implied  in  their  community  of  organised  substance 
tad  their  common  liistory.  The  fact  that  there  is  not 
a  iiin}>l«  mammal  common  to  Europe  and  Australia  is 
oplicable,  as  Mr.  Darwin  explains  it,  on  the  ground 
tiiat  migntion  has  been  impossible  to  them ;  but  it  is  also 
npticable  on  the  laws  of  Evolution — to  have  had  mammals  of 
the  Mtna  specivs  and  genera  would  imply  a  minute  coinci- 
dcoM  in  their  history;  which  is  against  tlie  probabilities. 
Again,  in  the  Oceanic  Islands  there  are  no  Bati-achians ; 
hm  tli^re  are  Reptiles,  and  these  conform  to  the  reptilian 
type,  itr.  Darwin  suggests  that  the  absence  of  BatrachJa  is 
» to  the  impossibility  of  migration,  their  ova  being  destroyed 
r  salt  water.  But  mar  it  not  be  due  to  the  divergence 
I  the  ruptilinn  type,  which  was  effected  elsewhere,  not 
iken  place  in  these  regions  ?  When  we  find  the  metal 
&  and  Cornwall,  and  nowhere  else  in  Europe, 
I  not  conclude  that  in  these  two  countries,  and 
I  ebe,  a  peculiar  conjunction  o£  conditions  caused 
thii  pecnliaD  evolution  ? 

134.  The  qnestion  at  issue  is,  Are  the  resemblances 
obKTvatile  among  organic  forms  due  to  remote  kinship,  and 
Ihoir  divertitica  to  the  divergences  caused  by  adaptation  to 
Dew  conitttiima  ?  or  an)  the  resemblances  due  to  similarities, 
au]  the  diversities  to  dissimilarities  in  the  ttubxtancf.  aful 
lubrjr  of  organic  lieings  ?  Are  we  to  as.sume  one  starting- 
1  vttv  centre  of  creation,  or  many  similar  starting* 
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points  at  many  centres?  So  far  from  believing  that  all 
plants  and  animals  had  their  origin  in  one  primordial  cell,  aft 
one  particular  spot,  from  which  descendants  migrated  and 
became  diversified  under  the  diverse  conditions  of  their 
migration,  it  seems  to  me  more  consistent, with  the  principle 
of  Evolution  to  admit  a  vast  variety  of  origins  more  or  less 
resembling  each  other;  and  this  initial  resemblance  will 
account  for  the  similarities  still  traceable  under  the  various 
forms ;  while  the  early  differences,  becoming  intensified  by 
development  under  different  conditions,  will  yield  the  di- 
versities. The  evolution  of  organisms,  like  the  evolution  of 
crystals,  or  the  evolution  of  islands  and  continents,  is  deter- 
mined, 1st,  by  laws  inherent  in  the  svbstances  evolved,  and,  2d, 
by  relations  to  the  medium  in  which  the  evolution  takes  plaoa 
This  being  so,  we  may  d  priori  afSrm  that  the  resultant  forms 
will  have  a  community  strictly  corresponding  with  the  resem- 
blance of  the  substances  and  their  conditions  of  evolution,  to- 
gether with  a  diversity  corresponding  with  their  differences  in 
substance  and  conditions.  It  is  usually  supposed  that  the 
admission  of  separate  ''  centres  of  creation  "  is  tantamount  to 
an  admission  of  "  successive  creations  "  as  inteipreted  by  the 
majority  of  those  who  invoke  "creative  fiats."  But  the 
doctrine  of  Evolution,  which  regards  Life  as  making  its 
appearance  coTisequervt  upon  a  concurrence  of  definite  conditions^ 
and  regards  the  specific  forms  of  Life  as  the  necessary  con- 
sequences of  special  circumstances,  must  also  accept  the 
probability  of  similar  conditions  occurring  at  different  times 
and  in  different  places.  Upon  what  grounds,  cosmical  or 
biological,  are  we  to  assume  that  on  only  one  microscopic 
spot  of  this  developing  planet  such  a  group  of  conditions  was 
found — on  only  one  spot  a  particle  of  protein  substance  was 
formed  out  of  the  abundant  elements,  and  under  conditions 
which  caused  it  to  grow  and  multiply,  till  in  time  its  descen- 
dants overran  the  globe  ?  The  hypothesis  that  all  organic 
forms  are  the  descendants  of  a  single  germ,  or  of  even  a  few 
germs,  and  are  therefore  united  by  links  of  kinship  more  or 
less  remote,  is  not  more  acceptable  than  the  hypothesis  that 
all  the  carbonates  and  phosphates,  all  the  crystals,  and  all 
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|lk  itnU  found  in  'liferent  parts  of  the  gloli«,  are  the 
!<  ^  a  nnjr/c  jnolerule,  or  a  few  molecules ;  or, — since 
I  may  Beem  too  extravagant, — than  that  the  various 
i  which  afflict  organic  beings  are,  in  a  literal  sense, 
n  t^ families  having  a  nearer  relationship  than  that  of 
;  ihc  pheuoniona  manifested  by  similar  organs  under 
t  conditions — a  conception  which  might  have  been 
I  by  those  metaphysical  pathologists  who  regarded 
e  aa  an  entity.  Few  philosophers  have  any  hesitation 
Imppodng  that  other  planets  besides  our  own  are  peopled 
c  forma,  though,  from  the  great  difl'erences  in  the 
I,  these  fonns  must  he  extremely  unlike  tliose  of 
planet.  If  separate  worlds,  why  not  separate 
The  conclusion  seems  inevitable  that  wherever 
1  whenever  the  state  of  things  permitted  that  peculiar 
rombinatioo  of  elements  kno^^-n  as  organised  substance,  there 
utd  then  a  centre  was  established — Life  had  a  root.  From 
Rott  cliKely  reaembling  each  other  in  all  essential  characters, 
but  all  more  or  less  different,  there  tiave  been  developed  the 
miuQii  Mems  of  the  great  tree.  Myriads  of  roots  have  pro- 
lahly  jKriihed  witliout  Lssne ;  myriads  have  developed  into 
tuna  w  ill-adapted  to  sustain  the  fluctuations  of  the  medium, 
•n  iO-fiUed  for  itie  struggle  of  existence,  that  they  became 
utiiict  before  even  our  organic  record  begins ;  mynada  have 
l-mme  extinct  since  then;  and  the  descendants  of  those 
•hich  now  suo'ivo  are  like  the  shattered  regiments  and 
^napaniiM  after  some  t«rrifio  battle. 

136.  Tliorc  seems  to  me  only  one  alternative  logically  per- 
aiaible  to  the  Evolution  Hypothesis,  namely,  that  all  organic 
btma  have  had  either  a  single  origin,  or  else  numerous  origins; 
m  other  words,  that  a  primordial  cell  was  the  starting-point 
tram  whidi  all  otvaaisms  have  been  successively  developed ; 
m  tlut  the  derelopment  issued  from  many  independent  start- 
ii>g-{KnBts,  more  or  less  varied.  This  is  apparently  not 
•Iw  upoct  presented  by  the  hypothesis  to  many  of  its 
"iioatm  i  tliey  Kem  to  consider  that  if  all  organic  forms  are 
Mt  tiw  lineal  detcendanta  of  one  progenitor,  they  must  at 
yaU  be  the  descendants  of  not  more  than  four  or  five. 
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The  common  belief  inclines  to  one.  Mr.  Darwin,  whose 
caution  is  as  remarkable  as  his  courage,  and  whose  candour 
is  delightful,  hesitates  as  to  which  conclusion  should  be 
adopted:  "I  cannot  doubt,"  he  says,  "that  the  theory  of 
descent,  with  modifications,  embraces  all  the  members  of  the 
same  class.  I  believe  that  animals  have  descended  from,  at 
most,  only  four  or  five  progenitors,  and  plants  from  an  equal 
or  lesser  number.  Analogy  would  lead  me  one  step  furiher, 
namely,  to  the  belief  that  all  animals  and  plants  have  de- 
scended from  some  one  prototype.  But  analogy  may  be  a 
deceitful  guide." 

126.  I  cannot  see  the  evidence  which  would  warrant  the 
belief  that  Life  originated  solely  in  one  microscopic  lump  of 
protoplasm  on  one  single  point  of  our  earth's  surface ;  on  the 
contrary,  it  is  more  probable  that  from  innumerable  and  separ 
rate  points  of  this   teeming  earth,  myriads  of  protoplasts 
sprang  into  existence,  whenever  and  wherever  the  conditions 
of  the  formation  of  organised  substance  were  present.    It  is 
probable  that  this  has  been  incessantly  going  on,  and  that 
every  day  new  protoplasts  appear,  struggle  for  existence,  and 
serve  as  food  for  more  highly  organised  rivals ;  but  whether 
an  evolution  of  the  lower  forms  is,  or  is  not,  still  going  on, 
there  can  be  no  reluctance  on  the  part  of  every  believer  in 
Evolution  to  admit  that  when  organised  substance  was  first 
evolved,  it  was  evolved  at  many  points.    K  this  be  so,  the 
community  observable  in  organised  substance,  wherever  found, 
may  as  often  be  due  to  the  fact  of  a  common  elementary  com- 
position as  to  the  fact  of  inheritance.    If  this  be  so,  we  have 
a  simple  explanation  both  of  the  fundamental  resemblances 
which  link  all  organisms  together,  and  of  the  characteristic 
diversities  which  separate  them  into  kingdoms,  classes^  and 
orders.    The  resemblances  are  many,  and  close,  because  the 
forms  evolved  had  a  similar  elementary  composition,  and 
their  stages  of  evolution  were  determined  by  similar  condi- 
tions.    The  diversities  are  many,  because  the  forms  evolved 
had  from  the  first  some  diversities  in  elementary  composition, 
and  their  stages  of  evolution  were  determined  under  condi- 
tions which,  though    similar   in  general,  have   varied  in 
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tkolats.  Indeed,  there  ib  no  other  ground  for  the  resem- 
»  and  differences  among  organic  beinga  than  the  simila- 
i  dissimilarities  in  their  Substance  and  History ;  and, 
t  the  Bimilarities  are  due  to  blood-rclatioustup,  or  to 
I,  the  results  are  the  same.  There  is  sometldng 
e  in  the  supposition  that  Life  radiated  front  a  single 
!  in  ever-increasing  cireles,  its  forms  becoming  more 
!  various  as  they  came  under  more  various  condi- 
tinii.\  until  at  last  the  whole  earth  was  crowded  with 
iirt-miliiil  existences.  "  From  one  cell  to  myriads  of  complex 
"r^iisins,  through  countless  seons  of  development,"  is  a 
f'lnnaU  «f  speculative  grandeur,  but  I  cannot  bring  myself  to 
i<w|it  it;  and  1  think  that  a  lingering  influence  of  the 
Tmdition  of  a  "  creative  fiat "  may  be  traced  in  its  conception. 
Miv  we  not  rather  assume  that  the  earth  at  the  dawn  of 
Ijfc  was  a  vast  germinal  membrane,  every  slightly  diversified 
fiat  pfoducing  its  own  vital  form ;  and  these  myriads  upon 
arriada  of  fwnns — all  alike  and  all  unlike — ui^ed  by  the 
iajwelliiig  tendencies  of  development,  struggled  with  each 
'<ber  for  existence,  many  fading,  many  victorious,  the  victors 
fvryiug  iLeir  tents  into  the  camping  ground  of  the  van- 
•iniibed  ?  The  point  raised  is  the  immense  imprebahility  of 
'jTijKBiaed  subotance  having  been  evolved  only  in  one  micro- 
HTiifiic  spot ;  if  it  were  evolved  at  more  than  one  spot,  and 
■nder  tlightly  varying  conditions,  there  would  necessarily 
hare  ariaen  in  these  earliest  formations  the  inilitU  diversities 
vhieh  Kn4srward8  detennined  the  essential  independence  and 
(fiHerrace  of  otf^ni^me. 

129.  Ijei  us  for  a  moment  glance  at  the  resemblances  and 
'Jivenitin  obeervable  in  all  organisms.  All  have  a  common 
Udt,  all  beitig  constructed  out  of  the  same  fundamental 
denwnts:  carbon,  hydrogen,  niln^igeu,  and  oxygen;  these 
ihv  organoj^ns,  ns  they  are  named),  with  varying  additions 
■^Kitne  other  ttloments,  make  up  what  we  know  as  Organic 
Salataoce,  wgctid  and  animal.  Another  peculiarity  all 
''j^uiinaB  have  in  common,  namely,  that  their  matter  is 
n^lier  solid  nor  tiipid,  but  viscid.  Beside  this  community 
"f  S*fittnmec  we  must  now  place  a  community  of  Ilislory, 
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All  organisms  grow  and  multiply  by  the  same  process ;  all 
pass  through  metamorpliic  stages  ending  in  death ;  all,  except 
the  very  simplest,  differentiate  parts  of  their  substance  for 
special  uses,  and  these  parts  (cilia,  membranes,  tubes,  glands, 
muscles,  nerves),  have  similar  characters  in  whatever  organ- 
ism they  appear,  and  their  development  is  always  similar,  so 
that  the  muscles  or  nerves  of  an  intestinal  worm,  a  lobster, or 
a  man,  are  in  structure  and  history  fundamentally  alike. 
When,  therefore,  we  see  that  there  is  no  biological  character 
of  fundamental  importance  which  is  not  universal  throughonl 
the  organic  world,  when  we  see  that  in  Structure  and  Histoiy 
all  organisms  have  a  community  pervading  every  variety,  it 
is  difficult  not  to  draw  the  conclusion  that  some  hidden  link 
connects  all  organisms  into  one ;  and  when,  further,  it  is  seoi 
that  the  most  divergent  forms  may  be  so  arranged  by  tie 
help  of  intermediate  forms  only  slightly  varying  one  fiom 
the  other,  that  the  extreme  ends — the  monad  and  the  man-* 
may  be  connected,  and  a  genealogical  tree  constructed,  which 
will  group  all  forms  as  modified  descendants  from  a  ainj^ 
form,  the  hypothesis  that  kinship  is  the  hidden  link  of  which 
we  are  in  search  becomes  more  and  more  cogent. 

130.  But  now  let  the  other  aspect  be  considered.  li 
there  is  an  immistakable  uniformity,  there  is  also  a  diverai^ 
no  less  unmistakable.  The  chemical  composition  of  organic 
substances  is  various.  Unlike  inorganic  substances,  the 
composition  of  which  is  rigorously  definite,  organic  substances 
are,  within  narrow  limits,  variable  in  composition  (§  45). 

I  pass  over  the  resemblances  and  difierences  observed  ii 
the  earliest  stages  of  development,  marked  as  they  are,  and 
direct  attention  to  the  fact,  that  down  at  what  must  be  con- 
sidered the  very  lowest  organic  region,  we  meet  with  differ 
ences  not  less  striking  than  those  met  with  in  the  highest,  wc 
find  structures  (if  structures  they  may  be  called),  which  cannd 
be  affiliated,  so  widely  divergent  is  their,  composition.  The 
structureless  vibrio,  for  example,  is  not  only  capable  oi 
living  in  a  medium  destitute  of  oxygen,  but  is,  according 
to  M.  Pasteur,  actually  killed  by  oxygen;  whereas  the 
equally  simple  bacteria  can  no  more  dispense  with  oxygen 
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II  Other  atuniols  caa.  Consider  for  a  momeat  thu  differ- 
a  implied  in  the  fact  that  one  organism  cannot  even  form 
iveloping  membrane  to  contain  its  protoplasm,  whereas 
T  coiitrivea  to  secrete  an  exquisite  shell ;  yet  between 
,  Bhizopod  and  the  shelled  Rhizopod  our  lenses 
1  nagenta  fail  to  detect  a  diH'ereuce.  One  Monad  can 
I  food  of  only  one  kind,  another  Monad  assiuii- 
I  Ttrious  kiiula.*  What  a  revelation  of  chemical 
appears  in  the  oben'ationa  of  M.  Pasteur 
the  vibrio  and  bact«ria,  in  a  fermeutescible 
iM^nid — the  former  beginning  the  putrid  fermentation  which 
i^  latter  completes  1  We  cannot  doubt  that  some  marked 
liilfarena!  must  exist  between  the  single-celled  organisu 
wliich  prudnces  alcoholic  fermentation,  and  that  which  pra- 
ilace*  uvtic  fermentation,  and  that  again  which  produces 
Latjrric  fermeiitatioD ;  and  if  we  find  distinctions  thus 
eriaUiahed  at  the  lowest  n:gioQ  of  the  organic  series,  we  need 
Mt  marvel  if  the  distinctions  become  wider  and  more 
as  the  series  becomes  more  diversified.  The 
o  and  development  of  an  urganism  are  dependent  on 
the  aOinitiea  of  its  constituent  molecules,  and  it  is  a  biologi- 
mI  |iriocipli:  of  great  importance  which  Sir  James  Paget 
toaiiU  on,  when  he  shows  how  "the  existence  of  certain 
"^-niU  in  the  blood  may  determine  the  formation  of 
tfructurcs  in  which  they  may  be  incorporated."  t  Any 
initial  direisity  may  thus  become  the  starting  point  of  a 
uxukknble    variation    in    subsequent    evolutiou.  t      Thus, 

*  Oo  tba  Nutritir-ii  at  Moniwla,  aee  the  reniftiknble  memoir  by  CiE»- 
ii>«iRt,b  Iho  ArcKii/ fir  mikrot.  Anatomie,  \.  2Zt,sq. 

tpMR:  LaeUraonSurgteal Palhology,i!t\itedby'f>jHliEa,  1865,^.19. 

Z  h  IkM  NMUtlj  bMii  sliown  that  certoiu  CriutMifi  vury  nut 
>ulf  (ran  •pecin  to  kpeaies,  but  frum  genua  to  geiius,  wbeu  living  in 
ntcr  of  dtBanDt  degreu  of  saltaeiu.  Bj  contitiued  dilutiou  of  ihe 
Mk  wkUr  An  Jrlfnitu  wm  develoiieil  iutu  UJother  apecieH,  and  thJB 
■pin  mUi  ft  BnatcKiput — a  i^enus  of  large  diuieasiuus,  with  aii  extra 
■fcilmiiiiwl  Mgiueut,  aoil  it  different  tad  ;  a  genua,  niorouvcr,  wliiah 
M  |Nii«sat«d  MXiially,  wliervas  tbe  Arttvtui  is  puthenogenotic,  u  > 
nk.    See  Saliin  1876^  Juue  E,  p,  133. 

Tk*  ftoMdiog  importADCe  of  this  foot  is,  that  it  provas  speoifio  and 
**ti  pncric   diffitrenoe*  to  originate  aioiply  through  Uie  gradual 
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supposing  that  on  a  given  spot  there  are  a  dozen  protoplasts 
closely  resembling  each  other,  yet  each  in  some  one  detaQ 
slightly  varying ;  if  this  variation  is  one  which,  by  its 
relations  to  the  external  medium,  admits  of  a  diffeieuce  in 
the  assimilation  of  materials  present  in  the  medium,  it  may 
be  the  origin  of  some  n€w  directum  in  development,  and  tk 
ultimate  consequence  may  be  the  formation  of  a  shell,  an 
internal  skeleton,  a  muscle,  or  a  nerve.  Were  this  not  so,  it 
would  be  impossible  to  explain  such  facts  as  that  chitine  is 
peculiar  to  the  Articulata,  cellulose  to  MoUuscoida,  carbonates 
of  lime  to  Mollusca  and  Crustacea,  and  phosphates  to  Yeite- 
brata — all  assimilated  from  the  same  external  medium.  But 
we  see  that  from  this  medium  one  organism  selects  tlie 
materiiUs  which  another  rejects ;  and  this  selection  is  dete^ 
mined  by  the  nature  of  the  structure :  which  assimilat^es  only 
those  materials  it  is  jniUd  to  assimilate.  We  hear  a  great 
deal  of  Adaptation  determining  changes  of  structure  and 
function,  and  are  too  apt  to  regard  this  process  as  if  it  were  not 
intimately  dependent  on  a  corresponding  structural  change. 
By  no  amount  of  external  influence  which  left  the  elementaij 
c^nnpixsitiou  of  the  structui\^  unchanged,  could  an  oiganism 
with  only  two  tissues  l*  developed  into  an  oiganism  with  three 
or  lour.  I\v  no  supply  or  s:iii:ulus.  cotdd  an  animal  incapaUe 
of  asij^iniiliitini:  iviv»xide  of  iivn  acquire  red  blood  corpuscles, 
al:h.^v.i:h  i:  luicfc:  have  the  iiv^n  without  the  corpuscles;  nor 
ov^ulxl  an  oys:er  form  its  shell  unless  capable  of  assimilating 
car^vn;i:e  of  lime.  Fv>r  myrii.is  of  yeaas.  in  s>eas  and  ponds, 
l::l^lv^  t^iivUess  vArirties  o:  txicn^d  conditions,  the  amcebs 
h^vo  lives!  aiid  ditv.  wi:h:u:  forming  a  solid  envekpe, 
al:hv  :;i:b  :he  lUAzerl.^s  wr^  arcudjin:.  and  other  orcanisnis 

ev:v.AlIv  si:r.rle  ^^ve  f.^rr.:e»A  ciivelvn>e:s  of  infinite  varietv.    In 

•>       .         ^  *  • 

all  :ic  5^:vis.Ai:i  :r;ni  th^  e ArM-^s:  i.^?es.roor4vies  haTelived,an(l 

viie.c?^  x"<  ;>7f  s^fcivji  *si  :><f  t^^rca^^xr  c£  lie  omnism  to  these  ne* 

rjr  Vr.  Pasw:>'  h:=i«C:— ::ii^  •'Ncysz.v  ':^£rs*  most  be  exposed 
*v-.t/  w^^/*  >-^^frjinw^  Tv'' r<ir  o'c-iiiMt*  %•>  cft^se  aay  apfveciibl^ 
*:i->r:::  .s:  \jtr  jk^.-.-c.''  A4>:r.  "*  yAiir^I  SeiMccxc  if  it  be  a  tnw 
yrtvcy^V^ « Jll  S^i$^  ?b;f  SfLr^f  .-c  4=.;  £7««s  aad  soiImi modificatiou 
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(ned  a  man'ellous  variety  of  ehnpes  and  s]>ecialiaation  of 
but  nUhoujjIi  some  of  them  have  acquired  musclea, 
■HK  have  acquired  true  nerves,  none  bone.  Ages  u]H)d  ages 
nlled  on  before  fishes  uere  capable  of  forming  bone ;  and 
boiuaiKls  ore  BtiU  incapable  of  forming  it,  though  living  in 
Hit  Mine  waters  as  the  osseous  fishes. 

t3L  "Uxiking  to  tlie  dawn  of  life,"  says  Mr.  Darwin 
{hpeatiDg  Bii  objection  ui^ed  against  his  hypothesis),  "  when 
dl  Mganic  beings,  as  we  imagine,  presented  the  simplest 
how  could  the  first  steps  in  advancement,  or  in  the 
;jon  and  specialisation  of  parts  have  arisen  ?  I  can 
■kg  DO  suRicient  answer;  and  can  only  say  that,  as  we 
m  BO  bets  to  guide  us,  all  speculation  would  be  baseless 
id  nseleAS." 

WLere  Mr.    Darwin    hesitates,   lesser    men    need    extra 

tUion ;  but  I  must  risk  the  danger  of  presumption,  at  least 

lar  as  to  suggest  that  while  an  answer  to  this  question  is 

Ml  that  dyiianiical  view  of  Evolution  which  regards 

ax  determining  Structure,  it  is  less  diffioult  on  the 

lynamical   view  propounded   in    these    pages;    the 

;y  which  besets  the  esplanatiou  when  all  the  manifold 

itiea  of  organic  forma   are  conceived  as  the  successive 

les   from    on    origloal    starting- point,    is    lessen  oil 

«  variety  of  difTerent  starting-points  is  assumed,  in  each 

which  aoia«  initial  diversity  prepared  the  way  for  subse- 

ent  difr«rcQtiiktioD«  -,  just  as  we  know  that  between  the 

nn  of  a   vertebrate   and   the  ovum   of  an  invertebrate. 

ai  they  are,  there  is  a  diversity  which  manifests  itsdf 

their  sttboequent evolution.     If  Function  is  determined  by 

and  Evolution  is  the  product  of  the  two,  it  is  clear 

th«  diflvrcnl  directions  in  the  Hues  of  development  will 

hm  tbdr  origin  in  structund  differences,  and  not  in  the 

aettoa  of  external  circumstances,  unless    those    previously 

Mng  about  a  structural  change,     Tlio  action  of  the  nicdiitm 

m  the  aiipuuRm  is  assuredly  a  potent  factor  which  Hiology 

(•anot  ignore :  but  the  oi;ganism  itself  is  a  factor,  and  accoitl- 

j^g  to  ita  nstnre  the  influence  of  the  medium  is  defined. 
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132.  Quitting  for  a  moment  the  track  of  this  aigomenl^ 
let  us  glance  at  the  resemblances  and  differences  observable 
in  Plants  and  Animals,  because  most  people  admit  that  thm 
have  separate  origins.    The  resemblances  are  scarcely  len 
significant  than  those  existing  among  animals.    Both  have  A 
similar  basis  of  elementary  composition ;  not  only  are  both 
formed  out  of  protoplasts  with  similar  properties,  but  ui 
both  the  first  step  from  the  protoplasm  to  definite  stmctme    ] 
is  the  Cell.    And  the  life  of  this  Cell  is  remarkably  alike  ui 
both,  its   phases  of  development  being   in  many  respects 
identical ;  nay,  even  such  variations  as  obtain  in  the  oeD* 
membranes  are  curiously  linked  together  by  a  community  ui 
the  formative  process.*    In  both  Plants  and  Animals  we  find 
individuals  constituted — ist,  by  single  cells ;  2nd,  by  groups 
of  cells  undistinguishable  among  each  other;  and  3rd,by  groapa 
of  differentiated  cells.   In  both  we  find  colonies  of  individuals 
leading  a  common  life.    In  both  the  processes  of  Nutrition 
and    Beproduction    are    essentially    similar;    both    propa- 
gate sexually  and  asexually;   both  exhibit  the   surprising 
phenomena  of  parthenogenesis  and  alternate  generations.    In 
both  there  are  examples  of  a  free-roving  embryo  which  in 
maturity  becomes  fixed  to  one  spot,  losing  its  locomotive 
organs  and  developing  its  reproductive  organs.    In  both  the 
development  of  the  reproductive  organs  is  the  climax  which 
carries  Death.     So  close  is  the  analogy  between  plant-life 
an.d  animal-life,  that  it  even  reaches  the  properties  usually 
held  to  be  exclusively  animal ;  I  mean  that  even  should  we 
hesitate  to  accept  Cohn's  discovery  of  the  muscles  in  certain 
plants,t  we  cannot  deny  that  plants  exhibit  Contractility; 

*  Compare  Letdig  :   Vom  Ban  des  thierischen  Kihrpers,  1864,  p.  27. 

t  Ferdinand  Cohn  :  Die  contractile  Oeuoebe  im  P/Linzenreich^  i86x 
By  a  series  of  numerous  well-devised  experiments,  Cohn  found  that  in 
the  stamen  of  the  cerUauria  a  tissue  exists  which  is  excitable  by  ths 
same  stimula  as  muscle  is,  and  which  reacts  like  muscle,  describing  a 
similar  curve  when  excited,  and,  after  reaching  its  maximum,  relaxing: 
Like  the  muscle  it  becomes  fatigued  by  repeated  contraction,  and 
recovers  it  powers  by  repose.  Like  the  muscle  it  may  be  rendered 
tetanic  (The  researches  of  Dr.  Burdon  Sandbrson  and  Mr.  Darwin 
have  since  placed  beyond  a  doubt  the  Contractility  and  Sensibility  uf 
certain  plants.) 
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we  refuse  to  interpret  as  Sensibility  the  phenomena 
k1  b;  the  Sensitive  Plants,  we  cannot  deny  that  they 
a  rerj  striking  analogy  to  the  phenomena  of  Seosi- 
^ihibitad  by  unimftlB. 

;  It  h  anoeceflsary  to  continne  this  enumeration,  which 

easfl;  bu  carried  into  minute  detail     A  chapter  of 

toembUnces  would  only  burden   the   reader's  mind, 

k  adding   force    to  the  conclnsiuii  that  a  surpriHing 

diiy  in  Substance  and  Life-history  must  be  admitted 

Plaats  and  Animals.     This  granted,  we  turn  to  the 

M,  and  Bnd  them  no  less  fundamental  and  detailed. 

tiy  tella  us  nothing  of  the  differences  in  the  proto- 

fnm  which  animals  and  plants  arise ;  but  that  initial 

Be*  must  exist  is  proved  by  the  divergence  of  tlie 

h.     The  vegetable  cell  is  not  the  animal  cell ;  and 

^  botb  plants  and  animals  have  albumen,  fibrine,  and 

,  Um  dcrimfim  of  these  are  unlike.     Homy  substance, 

ttVB  tissue,  nerve  tisBue,  chitine,  bilivenline,  creatine, 

[pfmric  acid,  and  a  variety  of  other  products  of  evolu- 

;of  waste,  never  appear  in  planto ;  while  the  hydrocar- 

D  abondaot  in  plants  are,  with  t«'o  or  three  excep- 

&om  animals.     Such  facts  imply  differences  in 

taiy  oump<jKition  ;  and  this  result  is  further  enforced 

ct  that  where  the  two  seem  to  resemble,  they  are  still 

:  tbe  plant  protoplasm  forms  various  cells,  but  never 

ft  canilage-cell    or    nerve-cell ;   fibres,   but  never  A 

'elaatic  tiasue ;  tubes,  but  never  a  nerve  tube ;  vessels, 

with  muscular  cuatings;  solid  "skeletons." 

inys  from  an  organic  substance  (cfUiUoa).  not  fnun 

ea  and  carbanat«A.     fn  no  one  character  can  we  say 

plant  and  the  animal  are  identical ;  we  can  only 

thnnigbunt  the  two  kingdoms   to  a  great  similarity 

Hnyinf;  a  radical  diversity, 

,  IDiving  bniught  together  the  manifold  resemblances, 
no  less  warkcil  div«r»ities,  we  mnst  ask  what  is  their 
nco  T  Tht  the  rvsemhiances  imply  a  community  of 
a  anivenial  kinship?  If  so,  the  diversities  will  bu 
the  divergences  which  have  been   pro- 
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duced  by  variations  in  the  life-history  of  the  several  gtonps. 
Or — taking  the  alternative  view — do  the  diversities  imply 
radical  differences  of  origin  ?  If  so,  the  resemblances  wiD  be  | 
nothing  more  than  the  inevitable  analogies  resulting  fiom  ' 
Organised  Substance  being  everywhere  somewhat  similar  in 
composition,  and  similar  in  certain  phases  of  evolution.  To 
state  the  former  position  in  the  simplest  way,  we  may  as- 
sume that  of  two  masses  of  protoplasm  having  a  common 
parentage,  one,  by  the  accident  of  assimilating  a  ceitam 
element  not  brought  within  the  range  of  the  other,  thereby 
becomes  so  differentiated  as  to  form  the  starting-point  of  a 
series  of  evolutions  widely  divergent  from  those  possible  to 
its  congener ;  and  at  each  stage  of  evolution  the  introductiim 
of  a  new  element  (made  possible  by  that  stage)  will  form  the 
origin  of  a  new  variation.  It  is  thus  feasible  to  reduce  all 
organic  forms  to  a  primordial  protoplasm,  in  the  evolntioDS 
of  wliich  successive  differentiations  have  been  establishei 
On  the  other  hand,  it  is  equally  feasible  to  assume  that  tbe 
oxist<uico  of  radical  differences  must  be  invoked  to  account 
for  the  possibility  of  the  successive  differentiations. 

135.  The  hunt  after  resemblances  has  led  to  much  mis- 
taken spocululion ;  and  with  reference  to  the  topic  now  be- 
fort>  us,  it  may  W.  urged,  that  although  by  attaching  ouisdva 
tot  ho  jHiinls  of  community,  in  disregard  of  the  diversities,  we 
may  mako  it  ap[H^;u'  that  all  animals  have  a  common  paren- 
ta^\  aiul   that  plants  and  animals  are  merely  divergent 
gnnuvs  of  tlio  same  prototyjH?,  a  rigorous  logic  will  foree  ns 
onw^^mK  aiul  oompol  us  to  admit  that  a  kinship  no  less  real 
unitt'^  tho  oTinuiio  with  tlie  inotganie  world.    For  upon  what 
prinoiplo  juv  wo  to  t>aust*  at  the  cell  or  protoplasm  ?    If  bj 
a  suvvo^vo  oUminatiim  of  ditToreuoes  we  reduce  all  oigan- 
iij^m:^  to  tho  Kvll,  wo  m;ist  go  ou  and  i^uce  the  cell  itself  to 
tho  chomivAl  olomou:^  ou:  of  which  it  is  constructed;  and 
ii\;u^muoh  ;!;!&  ih^vsiii'  olonH^n::>  an^  all  common  to  the  inoiganic 
NvwrlxU  tho  or,lv  diAVrviuv  Kni^  one  of  synthesis,  we  reach  a 
t\\<U4;  wluoh  is  ;ho  :«ul::r»oA::on  of  all  classification,  namely 
tho  A.^^^n;on  of  ;^  kiv,:5J;iv  x^hioh  :$  uuiversaL    We  must  bea 
r,;  uv,u^i  ;1;;^;  aII  ;1;:;^  uvay  Iv  iwiuoed  to  a  common  root  b] 
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(T  (liswganling  their  diflerences.     All  tilings  are  alike 
i  ve  set  aside  their  unlikeness, 
.  Suppose,  for  Lhe  sake  of  illustration,  we  regard  an 
t  in  the  light  of  the  Development  Hypothesis.     The 
S  inslnttnents  of  which  it  ia  composed  have  general  re- 
)  and  particular  di£ferences,  not  unlike  those  oh- 
ible   in  various  organisms ;  and  as   we   proceed  in  the 
fol  classiiication  we  quickly  discover  that  they  may  he 
1  groups  analogous  to  the  Sub-kingdoms,  Classes, 
«,  Geoora,  and   Species  of  the  organic   world.     Each 
>  has  ita  cardinal  distinctiua,  its  initial  point  of  diver- 
All  musicitl  instruments  resemble  each  otlmr  in  the 
i  character  of  producing  Tone  hy  the  vibrations  of 
uice.     This   may  be   called   their  otganic  basis, 
rtted  difference  which  detenninus  the  character  of 
I  (namely,  instruments  of  Percussion  and 
i)  ariaes  from  a  difference  in  the  method  of 
itt  rihrauoiis ;  and  the  grand  divisions  of  these 
3  arise  from  the  nature  of  the  vibrating  substances. 
0  aitmita  of  many  moditications,  but  the  primary  dis- 
»  ineffaceable.    We  can  conceive  the  Pipe  modified 
ale,  a  Flageolet,  a  Clarionet,  a  Hautbois,  a  Bassoon,  or 
f  simple  accessory  changt^ ;  to  modify  the  Pipe  into 
,  and  thus  proiliice  the  peculiar  timbre  of  the  trum- 
roald  be  iini>0AsibIe  except  by  the  stcbslUuttoti.  of  a  new 
;  by  replacing  the  wood  with  metal  we  may  adhere 
ype,  but  we  have  created  a  new  Class.     (Attention 
I  to  this  point,  because  the  current  views  resj^ct- 
ismutation  of  tissues,  which  seem  to  lend  a  decisive 
»  the  byimllii^is  of  the  transmutation  of  species  are 
inly  vitiated  by  the  confufiion  of  bansformation 
ation.     Xo  anatomical  element  b  tTan^fomud  into 
r  tqwctfically  ditlcrent — an  epithelial- cell  into  a  nerve- 
r  iofltance — but  one  anatomical  clement  is  frequently 
f  for  another.)     To  convert  the  I'ii«  or  the  Trumpet 
K  Violin  or  a  Prum  would  be  imixissible.    We  can  follow 
Nlifioationa  of  a  Tambourine  iitto  u  Drum  or  Kettle- 
[lillcatioiis  of  these  will  yield  the  Cymbahi. 
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That  is  to  say,  the  vibrating  materials — wood,  metal,  parch- 
ment, and  the  combination  of  wood  and  strings — ^have  peculiar 
properties,  and  the   instruments  formed  of  such  materiak 
must  necessarily  from  the  very  first  belong  to  different  groapfl; 
each  subdivision  of  the  groups  being  dependent  on  some 
characteristic  difference  in  methods  of  impressing  the  vibra- 
tions, or  in  the  materials.     Although  all  musical  instruments 
have  a  common  property  and  a  common  purpose,  we  do  D0t 
regard  them  as  transformations  of  one  primitive  instrument; 
their  kindred  nature  is  a  subjective  conception ;  the  analogies 
are  numerous  and  close,  but  we  know  their  origin.     It  is  obvi- 
ous that  men  being  pleased  by  musical  tones,  have  been  led 
by  their  delight  to  construct  instruments  whenever  they  have 
discovered    substances    capable    of  musical    vibrations,  at 
methods  of  impressing  such  vibrations.     By  substituting  the 
bow  for  the  plectrum  or  the  fingers,  they  may  have  changed 
the  Lyre  into  the  Violin,  Viola,  Violoncello,  and  Bass.    (It 
seems  historically  probable  that  the  real  origin  of  the  Vidiii 
class  was  an  instrument  with  one  string  played  on  by  a  bow.) 
By  grouping  together  Pipes  of  various  sizes  they  got  the  Pan- 
pipes ;  by  substituting  metal  and  enlarging  the  blowing  appa- 
ratus they  got  the  Organ.     By  beating  on  stretched  parchment 
with  the  finger,  they  got  the  Tambourine  and  Tom-Tom ;  by 
doubling  this  and  using  a  stick  they  got  the  Drum.   By  beat- 
ing metal  with  metal  they  got  the  Cymbals ;  by  beating  wood 
they  got  the  Castanets. 

137.  The  application  of  this  illustration  is  plain.  Just  as  a 
wind-instrument  is  incapable  of  becoming  a  Stringed  instru- 
ment, so  a  Mollusc,  with  all  its  muscles  unstriped,  and  its 
nervous  system  unsymmetrical,  is  incapable  of  becoming  a 
Crustacean,  with  all  its  muscles  striped  and  its  nervous  system 
symmetrical.  Indeed  there  are  probably  few  biologists  of  the 
present  day  who  imagine  the  transmutation  of  one  kind  into 
the  other  to  be  possible;  but  many  biologists  assume  that 
both  may  have  been  evolved  from  a  common  root  The 
point  is  beyond  proof ;  yet  I  think  there  is  a  greater  proba- 
bility in  the  assumption  that  both  were  evolved  from  different 
roots.     At  any  rate,  one  thing  is  certain ;  a  divergence  could 
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Ij  bm  been  effected  by  a  series  of  substiUUiojts ;  and  the 
wlien  and  bow  these  substitutions  took  place  is  an- 
ile :  one  school  believes  them  to  have  been  creative 
the  other  school  believes  them  to  have  been  trnnsmu- 

138.  Whea  we  see  an  annelid  and  a  vertebrate  resembling 
•  ii-h  other  in  some  special  point  which  is  not  common  either 
U)  their  classes  or  to  any  inteniieiiiate  classes — as  when  we 
Met  iho  woodloQse  (Oititcus)  and  the  hedgehog  defend  them- 
«Ir«(  in  the  same  strange  way  by  rolling  up  into  a  ball — we 
unnol  interpret  this  as  a  trace  of  distant  kinship.  When 
ve  aee  a  breed  of  pigeons  and  a  breed  of  canaries  turning 
lOlts.  and  one  of  the  Bear  family  {Ratel)  given  to 
tiw  same  singular  habit,  we  can  liarclly  suppose  that  this 
■io  web  cmse  inherited  from  a  common  progenitor.  When 
savage  race  tipping  an-ows  with  iron,  and  another 
ijMnnt  of  iron,  using  poison,  there  is  a  community  of  object 
(4ect«d  by  divenity  of  means,  but  the  analogy  does  not 
nnwanrily  imply  any  closer  connection  between  the  two 
rtcei  titan  the  fnct  that  men  with  Bimilar  faculties  and 
tiatlar  wants  find  out  similar  methods  of  supplying  their 
vants.  Even  those  who  admit  that  the  human  race  is  one 
luDiIy,  and  that  the  various  peoples  carried  with  them  a 
conHBon  fund  of  knowledge  wlien  tlioy  separated  from  the 
;<(rent  stock,  may  still  point  to  a  variety  of  new  inventions 
iod  new  social  developmonUt  which  occuiTed  quite  indepen- 
irntly  of  each  other,  yet  tuw  strikingly  alike.  Their  reseni- 
Maace  wiU  be  due  to  resemhlnnce  in  the  conditions.  The 
•liMmee,  for  example,  of  a  religious  worship,  or  a  social 
^tjtituUoa,  in  two  nations  widely  separated  both  in  time  and 
'pue,  Mwi  under  great  historical  diversities,  is  no  absolute 
\ne£  that  these  two  nations  are  from  the  same  stock,  and 
'^■t  the  ideas  have  the  same  pBrenta^-e.  It  may  be  so  ;  it 
iiT  be  otherwise.  It  may  be  an  analogy  no  more  implying 
latfaip  than  tha  fact  of  ants  making  slaves  of  other  ants 
wA  theae  the  black  ants!)  implies  a  kinship  with  men. 
'JiTeo  10  oTf^isation  which  in  the  two  nations  is  alike,  and 
>  hbtorr  which  is  in  certain  characteristics  analogous,  there 
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must  inevitably  result  religious  and  social  institutions  having 
a  corresponding  resemblance.  I  do  not  wish  to  imply  that 
the  researches  of  philologists  and  ethnologists  are  mis- 
directed, or  that  their  conclusions  respecting  the  kinship  of 
mankind  are  to  be  rejected ;  I  only  urge  the  consideration 
that  perhaps  too  much  stress  is  laid  on  community  of  Wood, 
and  not  enough  on  community  of  conditions. 

Eecapitulation. 

139.  The  various  lines  of  argument  may  here  be  recapi- 
tulated.    The  organic  world  presents  a  spectacle  of  endless 
diversity,  accompanied  by  a  pervading  uniformity.      The 
general  resemblances  in  forms  and  functions  are  more  or  less 
masked  by  particular  differences.    The  resemblances,  it  is  said, 
may  be  aU  due  to  kinship,  all  the  Kving  individuals  having 
descended  from  a  primordial  cell ;  and  at  each  stage  of  the 
descent  the  adaptations  to  new  conditions  may  have  issued 
in  deviations  from  the  ancestral  form,  while  the  process  of 
Natural  Selection  giving  stability  to  those  variations  which 
best  fitted  the  organism  in  the  struggle  of  existence,  has 
made  greater  and  greater  gaps,  and  produced  more  marked 
diversities  among  the  descendants.     This  is  the  Darwinian 
Theory:   "On  my  theory  unity  of  Type  is  explained  by 
unity  of  Descent." 

140.  By  the  general  consent  of  biologists,  this  theory  is 
held  to  explain  many  if  not  all  the  observed  facts.  It  is  a 
very  luminous  suggestion  ;  but  it  requires  an  enlargement  so 
as  to  include  Organic  Affinity ;  and  when  once  this  funda- 
mental principle  is  admitted,  it  brings  with  it  very  serious 
doubts  as  to  the  theory  of  Descent  We  are  then  entitled  to 
assume  that  many  of  the  most  striking  resemblances,  instead 
of  lH>ing  duo  to  kinship,  are  due  simply  to  the  general  prin- 
ciple that  similar  causes  must  have  similar  effects,  and  that 
oi^^^inio  substmieos  having  a  very  close  resemblance,  organised 
sul^tuuoes  must  have  similar  stages  of  evolution  under 
similar  ixmditions;  and  thus  oigans  will  necessarily  take 
on    very   similar  forms    in  very  different    oiganisms  (for 
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^^■teple,  the  eye  of  tho  cephalopod  and  the  eye  of  the 
^^BxBbnte),  and  orgaiuBms  having  'widely  different  parentage 
V  Mf  cloHily   resemble   each   other.     If  we  are  enlillod   to 

■  Mnme  tlut  protoplasm  appeared  not  in  one  niicrosoopic 
'    fpol  alone,  but  in  many  places  and  in  vast  quantities— and 

"lu  is  surely  the  more  justifiable  asaumption — then  we  must 
-!  admit  tliat  these  germinal  starting-points  were  from  the 
.-t,  or  very  shortly  afterwards,  difffrentiated  by  variations 
.  iheir  elementarj"  composition.  Now  we  know  that  a  very 
..mile  cban};e  in  composition  may  lead  to  immense  diCTer- 
r  -a  in  evolution.  Thus  the  descendants  of  two  slightly 
J  :!i-rrDt  progenitors  may,  by  continual  differentiation,  become 
-nr  tDarktfdly  unlike ;  yet,  because  of  the  ori>;inal  resem- 
■AOft  of  tbeir  substances,  they  will  reveal  a  pervading 
uiilahty. 

While   it   ia   thus  conceivable   that  all   organisms  may 
I      manUo  each  other,  and  all  differ,  owing  to  the  similarities 

■  Ml  ditersities  in  the  "  conditions  of  existence  "  (and  among 
P  iksn  tonditiooa  Uiat  of  descent  is  of  wide  range),  it  ia  not 
'      "Tf  iwdily   conceivable   how   advantage   in   the   external 

:  uggle  Gotilrl  have  detenained  the  varioties  of  form  and 
!  -uction,  because  many  differentiations  give  no  superiority  in 
!.t  itnig^v^  As  Mr.  St.  George  Mivart  urges, "  Natural  Selec- 
^'■a  uUcriy  faiU  U>  account  for  the  conservation  and  develop- 
.^Dtof  tike  ininute  and  rudimentary  beginnings,  the  slight 
-:i'l  inHniteaimol  commencements  of  structures,  however 
-«fal  those  structure  may  afterwards  become."*  And  this 
'  uuleniable  on  the  supposition  that  Natural  Selection  is  un 
>racy  no*  identiciil  with  the  variations  of  growth,  Imt 
idoiiTely  confined  to  the  accumulation  of  favourable 
.nations. 

14L  In  estimating  the  two  hypotheses — First,  of  Descent 
:  '  01  ooe  primordial  germ,  and  the  modifications  due  to  Nalu- 
'  •]  Selection,  or  as  I  should  say  cvjircsscd  in  Selection ;  and 
""•oodly,  of  IXisceul  from  innumerable  germs  having  initial 
iSerenMO,  wliich  diOcreiices  radiated  into  the  marked  modi- 


•  MlVAtiT  :    Till  Oenttit  of  Sptritt,  I 
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fications,  there  is  this  superiority  to  be  claimed  for  the  fiia 
that  it  is  more  easily  handled  as  an  aid  to  research,  and 
therefore  more  decidedly  usefnL  The  laws  of  Oigaa 
AfiBnity  are  at  present  too  obscure  for  any  successful  applie 
tion.  I  only  wish  to  point  out  that  the  theory  of  Descent 
an  imaginary  construction  of  what  may  have  been  the  pr 
cess  of  species-formation,  not  a  transcription  of  the  proce 
observed.  It  constructs  an  imaginary  Type  as  progenitor 
a  long  line  of  widely  different  descendants.  The  annel 
which  is  taken  as  the  ancestor  of  the  vertebrates  is  not  an 
annelid  known  either  to  zoologists  or  geologists,  but  a  gen< 
raUsed  and  imaginary  type.  So  daringly  liberal  is  the  imagi 
nation  in  endowing  the  ancestor  with  whatever  may  be  le 
quired  for  the  descendants,  that  Mr.  Darwin  thinks  it  pr<^ 
bable,  from  what  we  know  of  the  embryos  of  vertebrates,  thai 
these  animals  "  are  the  modified  descendants  of  some  ancient 
progenitor  which  was  furnished  in  its  adult  state  with 
branchiae,  a  swim-bladder,  four  simple  limbs,  and  a  long  tail, 
all  fitted  for  an  organic  life,"  (p.  533) ;  and  Dr.  Dohm  con- 
ceives the  original  type  to  have  contained  within  itself  all 
that  has  been  subsequently  evolved  in  the  highest  vertebrate, 
the  other  and  less  elaborate  organisms  being  mere  degrada- 
tions from  this  type.*  This  use  of  the  imagination  although 
not  without  advantages  is  also  not  without  dangers.  It  may 
direct  reseai*ch,  it  must  not  be  suffered  to  replace  research. 

•  DoHRN  :  Der  Ur sprung  der  TFirbelthiere  und  das  Ptincip  des  Func- 
tion8V>echsels,  1875,  p.  74. 


PROBLEM  II. 


THE  NERVOUS  MECHANISM. 


ID  tlie  fuoctions  of  the  Denroui  tyttem  are  ai  dependent  upon  ita  ttnicture 
Mtwc,  M  the  aocnnte  indiciition  of  time  upon  the  oonitniction  of  the 

Pboohabka. 

Jmr  WUteo  wird  oie  Tolleodet,  ist  und  bleibt  Stiickwerk  ;  desten  Erg&o- 
^Strcbeo  and  Hoffen  der  fonchenden  Denker  bleiben  wird  filr  alle  Zeit.*' 

Radknhauskn:  OtirU, 

'*  Our  nimble  soult 
Can  spin  an  iniubstantial  universe 
Suiting  our  mood,  and  call  it  possible, 
Sooner  than  see  one  grain  with  eye  exact. 
And  give  strict  record  of  it.*' 

Georob  Euot  :  The  Spanith  Ofpijf, 

H  vt  compare  the  teachings  of  our  books  with  what  Nature  is  constantly 
^g,  «r  6ad  there  is  no  agreement  between  those  two  sources  of  learning.** 

Brown  S^quabd. 


THE   NERVOUS  MECHANISM. 


8UKVEY  OF  THE  SYSTEM, 

L  On  knowledge    of  mental   processes   is    derived    fimn 
OD  onr  personal  experiences,  combined  with  infer- 
RKB  oar  observation  of  other  men  and  animals,  under 
conditions.     The  procesBes  are  complex  and  variable ; 
ilex  and  variable,  that  knowledge  of  their  component 
can  only  bo  gniiii'd  tlinrngh  long  t«iitfitive  study, 
by  fortunate  circumstances  which  present  these  factors 
ity,  or  at  any  rate  in  auch  marked  predominance  as 
attention.      This  subjective  analysis  of  the  praeaxea 
to  be  sapplemented  by,  and  cnnlirroed  by  an  objective 
of,  the  condUiona,  external  and  internal :  the  facta  of 
have  to  be  traced  to  facta  of  Physiology,  which  will 
lit  that  Physical  Basis  of  Mind  so  earnestly  sought  by 


il  the  mbjectivo  and  the  objective  analysis  are  at  pre- 

I  in  a  Texy  imperfect  state.     Although  there  is  much  con- 

i  and  "  fabie  persuasion  of  knowledge  "  in  both 

,   there   is,   unhappily,  little   that   can   be   aeriouBly 

I  dviuonstrated.     In  the  present  volume  we  shall 

ounelve«    almost    exclusively   with   the   objective 

I,  and  do  our  utmost  to  mark  what  is  mere  inference 

p  what  is  veniied  observation.     Il  is  only  by  Observation 

ft  futi  can  be  teUUd ;  however  Analo|;y  and   Inference 

t  whttre  tlie  tnitli  may  lie,  they  are  (ingcr-posta, 
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not  goals.    At  the  best  they  only  tell  us  what  Observation 
would  reveal  could  the  processes  be  submitted  to  Sense. 

In  a  loose  and  general  way  every  one  knows  that  the 
Nervous  System  is  a  dominant  agent  in  all  sentient  pro- 
cesses ;  although  not  by  any  means  the  only  agent,  yet, 
because  of  its  predominance,  it  is  artificially  accepted  as  the 
only  one.  With  the  greater  complexity  of  this  system,  there 
is  observed  a  corresponding  increase  in  the  variety  of  sen- 
tient phenomena.  The  labours  of  anatomists  have  secnied 
a  tolerably  exact  plan  of  the  topographical  distribution  of 
this  system ;  a  somewhat  chaotic  mass  of  observation  and 
inference  passes  as  a  description  of  its  elementary  stracture. 
The  labours  of  physiologists,  have  succeeded  to  a  small 
extent  in  localising  certain  functions  in  certain  organs  of  this 
system.  But  imperfect  as  our  knowledge  of  the  elementary 
structures  is,  our  knowledge  of  the  functions  is  still  more  so. 
I  wish  I  could  say  otherwise,  and  that  I  could  ask  my 
readers  to  accept  with  confidence  what  teachers  confidendy 
propound.  The  attitude  of  scepticism  is  always  repulsive; 
the  sceptic  is  seldom  received  without  disfavour,  because  he 
throws  on  us  the  labour  of  investigation  there  where  we  irish 
for  the  confidence  of  knowledge.  Yet  it  is  only  by  fadng  the 
facts  that  we  can  hope  one  day  to  solve  the  great  questions. 

2.  The  nervous  system  has,  in  our  artificial  view  of  it,  two 
divisions  :  the  Peripheral,  which  connects  the  organism  with 
the  external  world;  and  the  Central,  which  connects  each 
part  of  the  organism  with  all  the  other  parts.    Although  the 
system  is  constituted  by  various  tissues — neural,  connective, 
vascular,  and  elastic — it  receives  its  characteristic  designa- 
tion from  nerve-fibrils,  nerve-fibres,  and  nerve-cells ;  just  as 
the  muscular  system  receives  its  designation  from  contractile 
cells  and  fibres.      This  neural  tissue  assumes  three  well- 
marked  forms :  i°,  nerves,  which   are  bundles  of  fibres  and 
fibrils,  enclosed  in  a  membranous  sheath ;  2**,  ganglia^  which 
are  clusters  of  cells,  fibres,  and  fibrils,  sometimes  enclosed  in 
a  sheath,  sometimes  not;   3**,  centres,  which    are    artificial 
divisions  of  the  neural  axis,  serving  as  points  of  union  for 
different  organs. 
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I  lDVert«brata  tiie   neunil   axis   is   the    cbain    of 

nrnuing  along  the  ventral  side,  and  giv- 

trves  to  organs  of  sense,  and  to  the  muscles. 

uy  be  sees  lepreeented  in  Fig.  i. 
I  In  Ibe  Vert«brata  the  axis  is  dorsal, 

I  is  called  the  terebro-gpintd  axis, 
UKloding  brain  and  spinal  cord.  When 
«f  look  at  this  structure  superficially  we 
)««  Toiious  nen-es  radiating /rtwi  it  to 
tlda,  ^'lands,  and  muscles;  but  a  closet 
examination,  enlightened  by  knowledge 
iif  foDctioii.  abuwa  that  some  of  these 
noTfls  pass  inio  it  from  the  various 
larfooct  and  Bense-orgaua,  and  are 
ifatRifort!    called    afatTU   or  sensory ;  unu.  nat 


dnds  anil  muaclea,  and  these  nerves  -"rf  '<™  »»>•  «««<i*  i^ 

~       ,  ,11,.  "»™  *"  *•"  "™ta,  oivUH  al 

at  tfaerefoie  called  effereni  or  motory.  mua,  aod  TiKsn. 

Tine  an  also  fibres  which,  passing  from  one  part  of  the 

gnat  centre  to  another,  are  called  commisgurai. 

To  tbu  Irrief  account  of  the  cerebro-spina]  system  may  be 
■lUail  a  word  OD  the  connected  chain  of  ganglia  and  nerves 
bxnni  as  the  Sympathetic,  because  it  was  formerly  supjiosed 
ta  be  tbe  organ  through  which  the  various  "  sympathies " 
vm  eflcctod.  It  is  now  held  to  be  the  system  devoted  to 
tin  viscera  and  blood- veaaela ;  but  there  is  still  great  want  of 
tgnseiDent  among  physiologists  as  to  whether  it  is  an  in- 
dcpeatleot  system,  having  a  special  structare  somewhat 
ditdrait  from  that  of  the  cerebro-spinal,  or  whether  it  is 
■imply  a  great  plexus  of  nerves  and  ganglia,  only  topogra- 
pfakaQ;  distinguishable  from  the  rest  of  the  nervous  system. 
Into  tUa  point  it  is  unnecessary  fur  me  to  enter  here. 
EiMiQgb  to  wy,  that  1  entirely  agree  with  Sigmund  Mayer  in 
akipting  the  second  view.*  In  no  histological  character,  yet 
•pccM«d,  aie  tbe  sympathetic  nerves  and  ganglia  deniarcau^d 
tnm  tbe    others.      There  are,  indeed,  more   non-medullary 


*  Enmrxo  Uateb 


Di*  ptripheritcht   A'trveits*lU   und    dU    lym- 
1876. 
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fibres  (the  grey  fibres  of  Eeinak)  in  the  sympathetic ;  but  the 
same  fibres  are  also  abundant  in  the  cerebro-spinal  system; 
and  the  sympathetic  has  also  its  large  medullary  fibres. 

3.  The  Centres  are  composed  of  two  substances :  the  grey 
and  the  white.     The  grey  substance  is    often  called  the 
vesicular  because  of  its  abundant  cells ;  but  it  has  even  more 
fibres  than  cells,  and  the  white  substance  has  also  a  few  cells.* 
The  grey  substance  is  distributed  over  the  surface  of  the 
brain — in  the  convolutions ;  and  in  various  other  parts  of.the 
encephalon.      It  surrounds  the  central  canal  which  fonns 
the  ventricles  of  the  brain  and  is  continued  as  a  very 
cavity  all  down  the  spinal  cord.    Besides  entering  into 
important  and  conspicuous  masses  known  as   the  cerebnl 
ganglia — (the  optic  thalami,  and  corpora  striata) — the  grey 
substance  is  massed  in  the  corpora  quadriffemina,  crura  eerAri 
pons  varolii,  and  medulla  oblongata.   We  shall  have  occasion  to 
refer  to  each  of  those  parts.     Until  modem  times  all  the 
masses  included  in  the  skull  under  the  familiar  term  Brain 
(or  the  technical  term  Encephalon)  were  regarded  as  the  only 
centre,  and  also  as  the  origin  of  all  the  nerves.     Nor  has  this 
notion  even  yet  entirely   disappeared,  although  the  spinal 
cord  is  known  not  to  be  a  large  nerve  trunk,  but  a  centre  oi 
connected   chain  of   centres,  structurally  and  functionally 
similar  to  the  cranial  centres.    The  shadow  of  the  ancient 
error  still  obscures  interpretation  of  the  part  this  spinal  cord 
plays  in  the  sentient  mechanism ;  and  thus  although  the  cord 
is  universally  admitted  to  be  a  centre  for  "  sensitive  impres- 
sions," it  is  usually  excluded  from  Sensation.     This  wide- 
spread and   misleading  notion  will  be  critically  examined 
in  a  future  problem. 

4.  Beginning  our  survey  of  the  cerebro-spinal  axis  witl 
the  Spinal  Cord,  we  observe  it  to  consist :  1**,  of  central  gre\ 
substance  surrounding  the  scarcely  visible  canal,  which  is  al 
that  remains  of  the  primitive  groove  in  the  germinal  mem 
brane  (§  9) ;  2°,  irregular  grey  masses,  called  the  anlerior  aik 
posterior  Jtoras^f  connected  with  the  anterior  and  posteiio 

*  On  these  cells  see  note  to  §  140. 

t  These  terms  desigDate  the  surface  aspect  of  a  transverse  section,  < 
what  more  correctly  should  be  called  the  grey  columns.    See  figs.  3  to  ( 
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nerves ;  and  3°,  slratids  of  white  fibres 
contnd  substance,  and  called  the  anterior 
lidml  and  jfosttrior  columns. 

Like  the  Cerehnini,  it  is  a  double  organ  formed  by  two 
■ymmetrical  halves,  as  the  cerebrum  is  of  two  hemispheres. 
htii  half  innervates  the  corresponding  half  of  the  body. 
Tbtf  cord  is  unlike  the  cerebrum  in  external  form,  though 
Terr  like  it  in  int«mal  structure.  The  grey  structure  is 
nmiftljr  external  in  the  cerebrum,  and  is  iuteraal  in  the 
cnrd. 

From  the  anterior  side  of  the  cord  (that  which  in  animals 
ii  the  under  side)  the  motor  nerves  issue  ;  from  the  posterior 
fiB  ■ffiinal*  the  upper)  side,  issue  the  sensory  nerves.  On 
och  of  thv  sensory  nerves  there  is  a  ganglion.  The  roola  of 
■dl  nerve,  fonned  of  several  rootlets  issuing  from  the 
wtmot  and  posterior  columns,  subsequently  unite  together, 
■d  proceed  in  a  single  sheath  to  muscles  and  skin,  separating 
tgusx.  however,  before  they  reach  muscles  and  skin.  Fig.  2 
n^RttntA  this  arrangement. 


N  • -4  fwuH  «rM>  ip'x 


6.  There  are  thirty-one  pairs  (sometimes  thirty-two)  of 
■ch  nerves — namely,  eight  cervical,  twelve  thomcic,  five 
Uail»r,  five  9«crtl,  and  one  (or  two)  coccygeal.    Figs.  3  to  6 
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represent  transverse  sections,  which  display  t 

the  roots  of  the  nervea  into  the  anterior  and  posterior  li 


F((.  J.— ?V(iniinr«  Kltonn^ 
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6.  Similar  masses  of  grey  substance  in  tlie  Medulla  Oblon- 
fi*  (which  is  the  name  given  to  the  coi'd  when  it  passes 
•Mo  die  skull}*  are  supposed  to  be  the  origins  of  some  other 
tana  (thv  LTanial). 
AJlliougli  the  Medulla   Spinalis   is    unquestionably  con- 
on  ihu  Mcdullu  Oblongata,  the  arrangement  of  its 
here  becomes  gradually  changed,  and  so  complicated 
il  bafQes  tlie  ncalpel.     Anatomists  are,  however,  agreed 
M  one  point  of  fundamental  importance  to  us  here — 
ly,  that  there  ia  only  a  re-arrangement,  not  a  new  tissue, 
pting  tbo  artificial  division  into  two  organs,  we  may  say 
llwir  functions   are   iliHerent,   inasmuch   as   they   are 
nt   in   their  anatomical    connections — they  innervnte 
nt  parts ;  but  as  nervc-ceiitres  tbuy  have  one  and  the 
property. 

'its  posterior  surface  the  Medulla  Oblongata  opens  as 
fuutk  Ttniridt,  It  ia  then  no  longer  a  closed  canal,  but 
ion  of  tlie  spinal  canal,  which  is  covered  by  the 
llun.  Oo  it«  anterior  surface  projects  the  pom  varolii 
■nd  S  repa^cnt  tbcsc. 
hUe  thus  ou  the  one  hand  continuing  the  Medulla  Spi- 
tlie  Medulla  Obluiiguta  is  seen  »u  the  other  hand  to 

It  tbi*  only  In  tlie  ht(;)icr  luiiiiiiili.  In  rr)itil«s  Hud  ampliibJa  tbe 
Ik  dvMeoila  into  itw  cervical  rrtcian,  a>  Far  u  Uia  lecooii  and  tllinl 
I  ««t«lK»    Tbi*  (liouU  be  Riueuibi;rc<l  ia  ciiicrinieiitiiig. 


voiitriclea.  Above  it  lie  the  giuiglionic  masses  the  c 
quadrvftmina,  optic  thalavii,  aud  ctrrpara  striata.  Crowning 
tbew  are  the  big  and  little  brains,  Cerebrum  and  OerebeUiw 
Fij{B.  9  anil  lo  represent  this  relation  of  Medulla  Spbuli% 
Medulla  Oblongata,  and  Bnin.     Fig.  1 1  is  a  purely  artitidal 


^w 


7.  In  mao  the  Conbran  k  to  tti*  ij«niitilum  u  9  to  f. 
In  th*  iDWer  TorteUatef  Um  pnfoodi:naix  ia  atiJl  giwdcr. 
Tiie  oendffQin  i*  ia  ow  mtiHeitl  qntenu  cunnwaly  divided 
no  three  UAtt.  Tlie  fonul  ktw  ia  that  puftkn  vbkk  Um 
-^ilnatflf  lliedti^  fiMBc  — T*  aOM  ikdnds;  bctwww 
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that  fissure  and  the  "  internal  perpendicular  fissure  "  lies  the 
parietal  lobe ;  behind  this  we  have  the  occipital  lobe ;  and 
below  the  fissure  of  Sylvius,  the  tempero-sphenoidal  lobe 
Each  lobe  is  again  subdivided  according  to  its  convolutions. 

The  disposition  of  the  fibres  in  the  brain  is  far  too  complex 
to  be  accurately  followed.  All  that  we  can  say  is,  that  there 
are  strands  which  connect  one  convolution  with  another, 
strands  which  connect  one  hemisphere  with  another,  strands 
which  connect  cerebrum  with  cerebellum,  and  strands  which 
connect  the  cerebrum  with  the  lower  ganglia.  It  is  important 
to  conceive  this  distinctly ;  for  we  shall  hereafter  see  that  the 
function  of  the  Brain  (by  brain  is  here  meant  both  Cerebrum 
and  Cerebellum)  is  not  that  of  in7iervat%on,hu.t  ot  incitationand 
reyulation.  To  speak  metaphorically,  it  is  the  coachman 
who  holds  in  his  hands  the  reins,  and  guides  the  team. 
One  cardinal  fact  should  arrest  attention,  namely,  that  not  a 
single  nerve  in  the  body  has  its  origin  or  centre  of  innerva- 
tion in  the  cerebrum  and  cerebellum.  The  olfactory  and 
optic  nerves  do  indeed  seem  to  issue  from  the  cerebrum ;  and 
are  commonly  described  as  cerebral  nerves.  But  the  facts 
of  Development,  minute  Anatomy,  and  Experiment  prove 
this  to  be  inexact.  Although  I  shall  continue  to  speak  ol 
the  olfactory  and  optic  nerves  in  accordance  with  universal 
usage,  not  wishing  to  burden  the  reader  with  unnecessarj 
innovations,  I  must  at  the  outset  express  my  opinion  that 
these  nerves  cannot  be  brought  under  the  same  general 
type  as  the  other  sensory  nerves.  Embryology  and  Anatomy 
suggest  that  they  have  no  more  claim  to  the  title  than  the 
crura  cerebri.  Of  this  hereafter.  Setting  these  aside,  no  one 
now  refuses  to  acknowledge  that  Cerebrum  and  Cerebellum 
although  centres  of  Incitation  and  Association,  are  not  the 
centres  of  direct  Innervation :  the  organic  mechanism  ii 
all  its  physiolof/ical  processes  will  act  independently  of  them 
(so  far  as  such  artificial  distinctions  are  admissible  at  all). 
This  does  not  throw  a  doubt  on  their  physiological  functions, 
nor  on  their  participation  in  the  normal  execution  of  physio- 
logical processes. 

8.  From  this  rapid  survey  two  important  points  may  be 
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I  ukcud  for  special  attention.  First,  the  continuity  of  the 
I  BninJ  axis  throughout ;  accnudly,  the  fundamental  ainiilarity 
'  «f  its  rfnirf«rf.  underlying  great  variations  in  its  form  and 
cimiMxlinns.  This,  which  is  the  anatomical  expression  of  the 
'  nily  of  the  ncrvims  system,  will  become  more  evident  after 
-■-  h«vti  fxpoundal  what  Embryology  and  Microscopic  Ana- 
I  ::iv  ■.■:i,']i.     We  may  Uierefore  digress  here  awhile  to  con- 


TI!E    EARLY    F0RM3    OF    NER\-E   CENTRES. 

9.  In  tile  outermost  layer  of  the  germinal  membrane  of 
lite  embryo  a  groove  appears,  which  deepens  as  its  sides  grow 
qpwirds.  and  linally  close  over  and  fonu  a  canal.  This  canal 
u  a»npoeif«]  of  cells  aJl  alike.  Its  foremost  extremity  soon 
hol^  im<'  thrw!  well-marked  enlargements,  which  are  then 
oUed  tike  primilire  arthral  vrnelen.  Thti  cavities  of  these 
TKsicles  are  continunus.  Except  in  position  and  size,  there 
)  discernible  differences  in  these  vesicles,  which  are 
n  aa  the  Fore-brain,  Middle-br.iin,  and  Hind-brain. 
.  the  Fore-brain  soon  buds  off  from  each  side  a  small 
This  is  the  optic  vesicle,  the  first  rudiment  of  what 
aqnrittly  becomes  optic  nen'e  and  retina.  At  tliis  period 
mplya  vesicle  with  a  hollow  stem,  the  cavity  being 
B  with  the  cavity  of  the  cerebral  vesicle,  and  the 
a  contiououB  with  the  cerebral  wall, 

I  appears  that  the  retina  and  optic  "  nerve "  are 
•-portions  of  the  brain — a  detached  8c^n>ent  of  tlie 
!,  identical  in  structure  with  the  cerebral  veai- 
[nlike  in  form.  A  cup-like  depression  quickly 
)l  optic  vesicle  into  an  inner  and  an  outer  fold.  The 
r  or  ojncBve  fold  becomes  the  retina,  and  the  outer  or 
(  fold  (that  nearest  to  the  brain)  becomes  its  choroiit 
tDniibnui*^  On  the  fourth  day  of  incubation  the  retina  of 
tbe  chick  is  coni]HMi>d  of  spindle-i^haped  cells,  all  alike.  On 
the  MTentb  day  there  is  a  differentiation  into  layers,  one  of 
whii^  on  the  eighth  day  is  granular ;  ou  the  tenth  two  are 
pviular ;  and  on  Uie  thirteenth  gangliouic  cells  appear.  Some 
.   cCUwcella  have  elongated  into  ludial  hbres  (known  as  Miiller's 
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fibres)  ;  and  with  the  appearance  of  rods  and  cones  the  normal 
retinal  elements  are  complete. 

11.  The  researches  of  Foster  and  Balfour*  confirm  the 
statement  that  all  the  dijfTerent  parts  of  the  retina  (whether 
nervous  or  connective)  are  derived  from  one  and  the  same 
layer  of  embryonic  cells,  which  originally  formed  a  portion  of 
the  first  cerebral  vesicle. 

12.  Meanwhile  the  hollow  stem  of  this  optic  vesicle  begins 
to  develop  fibres  amidst  the  nuclei  of  its  walls.  The  "  optic 
nerve"  arise*s :  it  is  still  hollow;  and  in  birds  remains  so  through 
life.  The  fibres  as  they  are  developed  grow  forwards  Unvards 
the  retina,  and  spread  over  its  internal  surfaca  They  also 
grow  forwards  towards  the  brain,  and  spread  over  its  substance; 
but  it  is  nx)t,  as  might  be  supposed,  and  is  generally  beUeved, 
with  the  cerebral  hemispheres  (or  that  portion  of  the  Fore- 
brain  from  which  these  are  derived),  but  with  the  Middle- 
brain  (which  becomes  the  corpora  quadrigenvma),  that  the 
optic  fibres  are  in  connection.t 

13.  This  will  be  understood  when  the  further  development 
is  traced.  The  Fore-brain  after  budding  off  the  optic  vesicles, 
buds  off  two  larger  vesicles — the  future  cerebral  hemispheres. 
This  fe  noticeable  on  the  second  day  of  incubation,  and  by 
the  third  day  each  vesicle  is  as  large  as  the  whole  of  the 
original  Fore-brain.  Their  development  is  essentially  like 
that  of  the  optic  vesicles ;  both  as  to  the  cellular  and  the 
fibrous  elements. 

The  convoltUions,  corpus  callosum,  nucleus  lentifonnis,  and 
corpora  striata  are  then  indicated.  Meanwhile,  that  which 
originally  was  the  Fore-brain,  has  lapsed  into  the  secondaiy 
rank  as  Intermediate-brain  (Zivischenhim),  and  becomes  the 
parts  surrounding  the  tliird  ventricle,  namely,  the  tJudami, 
corpora  candicaniia,  infundibulum,  and  what  is  called  the 
"  posterior  perforated  substance." 

*  Foster  and  Balfour  :  Elements  of  Emhryologify  part  L,  1874 ; 
Comp.  ScHWALBE,  Art.  Die  Retina^  iu  the  Handbuch  der  AugenheU- 
kunde  of  Graefe  und  Samisch,  1874,  i.  363. 

t  The  developiuent  of  the  olfactory  lobe  and  bulb  is  similar ;  it  need 
not  be  followed  here. 
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14,  The  MiddU-bratJi,  or  Second  Vesicle,  develops  tin; 
I  quadrigtmina  from  the  roof  of  its  cavity,  and  tlie 
i  from  iu  floor. 
»  The  /find-irain,,  or  Third  Vesicle,  divides  into  two,  like 
K  Fint  Vcaicle ;  it  buds  off  the  heiiiisplieres  of  the  cere- 
;  its  cMvily  funns  the  fourth  vculiicle ;  its  walls  the 
mniiMa  ohUmynta. 

IS,  tl  thus  api)ears  that  the  )iriiiutive  membrane  forma 
miij  a  canal,  which  enlarges  at  one  part  uito  three  vesicles, 
.jii  fMiu  tlieae  are  developed  the  encephalic  sti-ucturea.  The 
■  niinuity  of  the  walla  and  cavities  of  these  vesicles  is  never 
'iI'Dlrtl  Llironghout  the  subsequent  cliaiiges.  It  is  also 
inot«Uv  throu)^hout  the  medulla  spinalis.  And  microscopic 
mTMli^tion  reveals  that  underneath  all  the  morphological 
t  Uie  wolU  of  tlie  whole  ccrebro-spiiial  axis  are  com- 
d  of  similar  elements  on  a  similar  plan.' 
Lis.  Two  conclusions  directly  follow  from  tliia  exposition : 
t,  tliat  mnce  the  structure  0/  tlie  grtat  aj:is  u  crcrywhert 
r,lJtt  proprrtit*  mual  he  similar;  Bccondly,  that  since 
t  it  drufiuml  amtinuity,  no  one  part  can  lie  rolled  into 
f  witMovl  lit  the  Rtnie  time  mure  or  less  exciting  that  0/ 

THE   PERIPHERAL  SYSTEM. 

17.  Fotlowinj^  the  analytical  division,  we  now  come  to  the 
tVn)ili«nd  System  of  neiTes  and  ganglia.  The  separation,  I 
miut  often  repeat,  ia  purely  artificial ;  but  the  artifice  has 
ncnraiienceB.  We  separate  in  the  same  way  the  heart  from 
VDiu  and  arteries,  and  the  cHpilhiry  circulation  from  the 
ittcriiL 

*  Otnaan  uMtnmiftta  diTiile  thii  oxi*  into  tmnk  uiA  crown  {Hiriv- 
■t^M  Uil  Btmnumltl^  Tliei«  IB  convenience  in  this  iliviiion.  If  we 
taunt  all  liia  Kicy  mntU-t  ut  tlie  cenbniiii,  willi  all  the  wliil«  nulW 
^kiiilitig  fmin  it.  niilil  vv  agna  come  upon  grey  mailer— and  il  we 
i-nt  (St  tlic  cerelielluiii  Troin  it*  detMniling  itrnndB  of  wliite  tnnlter — 
*«  ikal\  lure  rrmnvnl  the  erotnt,  and  leave  the  trunk  r«munin(^.  Thu 
Bnk  b  DOOftitntt^l  by  the  corptm  striata,  nucleus  lenliformii,  optin 
_  Bra  ijiu^nRcniiua,  crura  cerebri,  pons,  inetlulU  oblongata, 
t  mcalnlla  ■pinaii*.  From  tliis  trunk  all  the  organs  uf  the  body  ore 
(Qj  InBcrvat^d  (eie*pt  tboM  innervtite<l  trom  the  •]m)]Mthelic  t). 
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Each  nerve  has  its  direct  connection  with  a  partici^^^ 
centre,  and  indirectly  with  the  whole  system.    It  has  ft 
circumscribed  territory,  and  individual  office.     Except  in  « 
few  cases  of  anastomosis,  the  action  of  one  nerve  does  not 
involve  that  of  another :  only  one  muscle  or  one  group  of 
muscles  is  moved,  without  exciting  motion  in  a  neighboar. 
It  is  through  the  centres  that  these  individual  territories  aie 
united ;  and  a  wave  of  excitation  always  passes  thronghont 
the   central  substance.      Thus  the  centres  are  not  simply 
organs  of  association,  consequently  of  regulation,  but  are  the 
nexus  whereby  the  diversity  of  the  actions  is  integrated  into 
the  unity  of  consensus. 

18.  Nothing  further  need  at  present  be  stated  respect- 
ing the  nerves ;  but  it  is  needful  to  give  precision  to  the 
ideas  of 

GANGLIA  AND   CENTRES, 

usually  spoken  of  as  if  they  were  convertible  terms.  Tliat 
this  is  inexact  may  be  readily  shown,  and  that  it  is  mislead- 
ing appears  in  its  causing  physiologists  to  credit  every  ganglion, 
wherever  found,  with  central  functions ;  and,  by  an  almost 
inevitable  extension  of  the  error,  has  led  to  the  assignment  of 
central  functions  to  a  single  ganglionic  cell!  This  is  but 
part  of  that  "  superstition  of  the  cell "  against  which  I  shall 
have  to  protest.  I  will  not  here  raise  the  doubt  which  presses 
from  various  sides  respecting  the  central  functions  of  the 
ganglia  in  the  heart  and  intestines,  because  the  reader  per- 
haps shares  the  general  opinion  on  that  point ;  but  let  me 
simply  ask  what  central  function  can  possibly  be  assigned  to 
the  ganglia  on  each  of  the  spinal  sensory  nerves  ?  above  all 
to  those  grouped  and  scattered  ganglionic  cells  which  are 
found  at  the  peripheral  termination  of  some  nerves,  and  in 
the  very  trunks  of  others  ?  There  may,  indeed,  be  imagined 
a  central  function  for  the  ganglia  in  the  mesentery,  and  even 
in  the  choroid  coat  of  the  retina,  on  the  hypothesis  (quite 
gratuitous,  I  think)  of  their  regulating  the  circulation ;  but 
even  this  explanation  cannot   be  adopted  with  respect  to 
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gazi^liomc   cells   vhich   appear  in   tlie   course  of  tlie 

ft  neaning  of  a  physioln^iical  centre  is,  that  it  is  a  point 
i^rUcb  sti mutations  proceed,  and  from  which  they  are  re- 
flected. The  meaning  of  a  ganglion  is,  that  it  is  a  group  of 
e  cells  dispersed  among,  or  in  continuation  with,  nerve 
:  it  may  be  a  centre  of  reflexion,  or  it  may  not ;  and  in 
I  IitliT  cose  ita  physiological  office  is  at  present  undeter- 
A  ganglion  is  no  more  a  centre  in  virtue  of  its  cell- 
I  a  muscle  is  a  limh.  All  function  depends  on 
o;  and  central  function  demands  a  connection  of 
it  mad  efferent  parts. 
19.  The  ganglia  found  in  the  ventral  cord  of  the  Inverlc- 
''^I«(9wl^.  I)  are  centres  each  of  which  has  considerahle 
-hinftiuhnct,  each  regulating  a  single  segment  of  the  body, 
K I  pwup  of  eimilar  segments.  As  the  scale  of  animal  com- 
fJeoty  ascends,  these  separated  centres  tend  more  and  more 
["  (ualesoe ;  and  with  this  coalescence  comes  an  increasing 
"»invtlion  of  movement s.t     Obserre  the  caterpillar  slowly 

'  "0«  ^(M  I>rfoccnp6  Ju  i^Ie  •p^cinl  que  pouvwenl  jouer  les  gnnglions 

!  '>i|>b>ttiqnM  lilu^  Oana  le  Toisiiiige  du  cvrtaines  nr^nn  ;  et  on  a  pi6- 

'  ^'Jq^ob  la  nerfa  n*  jciuinaient  de  Icurpropri^tfid'agiriuroMOTgnni'S 

■iif«*«»vo[r  travijiiii  te»  ffia^Mafit,     On  avail  aiJniii  que  I'eJicitntiDii 

'  -    : '  V  nt«t  ncrreux  avont  son  «ntT^  tl&DN  lu  gatiglioii  rMUiil  iftim 

:<.urobtrnir  I'liction  cxciUtriM  dea  fonction»  tic  rntj-atie  il 

'  r  If  nerf  *nlre  lui  et  le  ganglinn  voiBin."— Claud K  Bkr- 

'iw^Vrrruz,  li.  169.    Qui  on  procre'lingto  verify  ihtMe  stattr- 

'  Lti-rimctit,    BxaKARD   U   led   to   the   roiiclUBiDn,  "quo  le 

I  [<u  d'infturnre  iiroj>re  elir  te  mode  de  I'excitation  tnns- 

.  _  !';li;;bted  to  Snil  my  opiwwition  to  the  ourmit  teaching  re- 
'Ub^  iK*  Mntral  lunctiunt  <if  ganglionic  celli  tlmroTighly  borne  nut 
'  lU  cUhoralH  t»Mui:lu»  of  SiouuKo  Matix  [ArcAiv^r  PtfdtiiOnt, 
--I  Ti,  Ilpft  i).  tinting  artiSfikllT  produced  «iic1i  celU,  lie  pertinently 
'  II'  o  mnve  attribute ccntnl  functions  to  mlbiwbicb  iippeu  in  tli* 
: '  >-^  ',1  rr^pneration  of  n  divided  nerve  T    The  error  baa  it*  origin  in 

'Miif  i*i4D  bf  functinn*  with  properties. 
'  It  1*  i>ften,  tkougli  incorr«etly,  itoteil   tbnt  every  icginent  of  nn 
•  nlaw  Knimal  has  iu  Mparate  i^nglion.    Tlie  fact  >*,  that  while  tlie 
''iiiHb  u*  Danally  fewer  titan  the  aegniciit*,  tbcy  or*  Bonielitnes  mora 
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crawling  over  a  leaf;  each  segment  of  its  body  moves  in  suc- 
cession ;  but  when  this  caterpillar  becomes  a  butterfly  the 
body  moves  rapidly,  and  all  at  once.     Open  the  caterpillar, 
and  you  find  its  nervous  centres  are  thirteen  separate  ganglia, 
each  presiding  over  a  distinct  part  of  the  body,  and  each 
capable  of  independent  action.     Open  the  butterfly,  and  you 
find  the  thirteen  ganglia  greatly  changed :  the  second  and 
third  are  fused  into  one ;   the  fourth,  fifth,  and  sixth  into 
another;  the  eleventh  and  twelfth  into  another;  the  only 
trace  of  the  original  separation  is  in  a  slight  constriction  of 
the  surface.     The  movements  of  the  caterpillar  were  few, 
simple,  slow,  and  those  of  the  butterfly  are  many,  varied,  and 
rapid. 

20.  In  the  Vertebrates  the  coalescence  of  ganglia  is  such 
that  the  spinal  axis  is  one  great   centre.    We  do  indeed 
anatomically  and  physiologically  subdivide   it  into  several 
centres,  because  several  portions  directly  innervate  separate 
oi*gans ;  but  its  importance  lied  in  the  intimate  blending  of 
all  parts,  so  thsit  flicctucUing  cowhinations  of  its  elements  may 
arise,  and  varied  movements  result.     Each  centre  combines 
various  muscles ;  the  axis  is  a  combination  of  centres.    The 
brainless  frog,  for   instance,  has  still  the  spinal   cord,  and 
therefore  the  power  not  only  of  moving  either  of  his  limte^ 
but  also  of  combining  their  separate  movements :  if  grasped^ 
he  struggles  and  escapes;  if  pricked,  he  hops  away.    Bn 
these   actions,  although  complex,  are   much   less   complex 
and  varied  than  the  actions  of  the  normal  frog. 

There  is  not  only  a  coalescence  of  ganglia,  but  a  greater  and 
greater  concentration  of  the  substance  in  the  upper  portions 
of  the  axis.  In  the  inferior  vertebrates,  and  in  the  mamma- 
lian embryo,  the  spinal  cord  occupies  the  whole  length  of 
the  vertebral  canal  from  the  head  to  the  tip  of  the  tail ;  and 
here  the  centres  of  reflexion  correspond  with  the  several 
segments.  But  as  the  cranial  mass  develops  there  is  a 
withdrawal  of  neural  substance  from  the  lower  parts,  and  the 
centres  of  reflexion  are  then  some  way  removed  from  the 
segments  they  innervate.  In  the  animal  development  there 
is  even  a  greater  and  greater  predominance  of  the  upper 
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onSy  80  that   the  brain  and   medulla  oblongata  are  of 

itely  more  importance  than  the  spinal  cord. 

.  Besides  the  central  group  of  elements  which  belong  to 

and  definite  actions,  we  must  conceive  these  elements 
3le  of  variable  combinations,  like  the  pieces  of  coloured 

in  a  kaleidoscope,  which  fall  into  new  groups,  each 
>  having  its  definite  though  temporary  fonu.  The 
ents  constitute  really  a  continuous  network  of  variable 
}.  It  is  to  such  combinations,  and  not  to  fixed  circum- 
ed  ganglia,  that  we  must  refer  the  subordinate  centres  of 
txis.  We  speak  of  a  centre  for  Kespiration,  a  centre  for 
hing,  a  centre  for  Crying,  a  centre  for  Coughing,  and  so 
rith  as  much  propriety  as  we  speak  of  a  centre  for 
lowing  or  for  Walking.  Not  that  in  these  cases  there  is 
lumscribed  mass  of  central  substance  set  apart  for  the 
Tation  of  the  several  muscles  employed  in  these  actions, 
for  no  other  purpose.  Each  action  demands  a  definite 
|>  of  neural  elements,  as  each  geometric  form  in  the 
dosco{)6  demands  a  definite  group  of  pieces  of  glass ;  but 
I  same  pieces  of  glass  will  readily  enter  into  other 
»inatious;  and  in  like  manner  the  muscles  active  in 
iratiou  are  also  active  in  Laughing,  Coughing  &c.,  though 
ently  innervated  and  co-ordinated. 
L  The  physiological  rank  of  a  centre  is  therefore  the 
»sion  of  its  power  of  fluctuating  combination.  The 
ilia  oblongata  is  higher  than  the  medulla  spinalis, 
Lse  of  its  more  varied  combinations;  the  cerebrum  is 
sr  than  all,  because  it  has  no  fixed  and  limited  com- 
ions.  It  is  the  centre  of  oenties,  and  as  such  the 
!me  organ. 


(     '56    ) 


THE  FUNCTIONAL  RELATIOKS  OF  THE  NEIIV0D3  SrSTES!. 


23.  The  distinguishable  parts  of  this  system 
central  axis,  the  cranial  nerves,  and  the  spinid  nerves,  with 
the  chain  of  ganglia  and  nerves  composing  the  Sympathetic 
Let  us  briefly  set  dnivn  what  is  known  of  their  special  offices. 

Men  very  early  discovered  that  the  nerves  were  in  som^ 
way  mini  strant  to  Sensation  and  Movement;  a  divided  nerve 
always  tjeing  accompanied  by  insensibility  and  immobility 
in  the  limb.  Galen,  observing  that  paralysis  of  movement 
sometimes  occurred  without  insensibility,  sug^ted  that 
there  were  two  kinds  of  nerve ;  but  no  one  was  able  to 
furnish  satisfactory  evidence  in  support  of  tliis  i 


until  early  in  the  present  century,  when  tlie  experiments  of 
Charles  Bell,  perfected  by  those  of  Mfy'endie  and  MiiUef, 
placed  the  suggestion  beyond  dispute. 
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■•  Fig.  1 2  is  a  dicLgram  (not  a  drawing  of  the  actual  aspect, 
ti  '^w'ould  be  hardly  intelligible  to  readers  unversed  in  such 
ers)  representing  two  transverse  sections  of  the  spinal 
just  where  the  nerve  roots  issue.  The  grey  substance 
^mewhat  in  the  form  of  a  rude  H,  in  the  dorsal  region, 
of  the  expanded  wings  of  a  butterfly  in  the  lumbar 
igements  (figs.  4-6) ;  the  extremities  of  this  grey  substance 
the  anterior  and  posterior  Jwms.  We  have  already  said 
« from  the  anterior  horns  of  each  half  issue  the  roots  of  the 
x>r  nerves,  which  pass  to  the  muscles.  From  the  posterior 
lis  issue  the  sensory  nerves,  which,  soon  after  leaving  the 
1»  enter  the  ganglia  before  joining  the  motor  nerves,  and 
a  pass  to  the  skin,  in  tlie  same  sheath  with  their 
ipanions,  separating  again  as  they  reach  the  muscles 
surfaces  where  they  are  to  be  distributeil.  When  this 
ed  nerve  is  cut  through,  or  tied,  all  sensation  and  move- 
nt disappear  from  the  parts  innervated.  But  if  only  one 
lie  roots  be  cut  through,  above  the  ganglion,  there  ^dll 

1  be  only  a  loss  of  movement,  or  a  loss  of  sensation.  Tlius 
pose  the  section  be  made  at  a,  6,  A :  we  have  then  divided 
^mory  nerve,  and  no  pinching  or  pricking  of  the  part 
sTvated  by  that  nerve  will  l)e  felt ;  but  movement  will 

2  place  if  the  under  nerve  be  irritated,  or  if  a  sensation 
4?ker€  be  excited.     Now  reverse  the  experiment,  as  at  B,  c, 

Then,  pricking  of  the  skin  will  be  felt,  but  no  movement 
I  respond.  The  nerve  which  enters  the  cord  at  the  upper 
sterior)  part  is  therefore  a  sensory  nerve;  that  which 
ers  at  the  under  (anterior)  part  is  motor.  The  direction 
a  each  case  indicated  by  the  arrow.  The  central  end  b  if 
tated  will  produce  sensation ;  whereas  the  peripheral  end 
•roduces  neither  sensation,  nor  movement    The  central 

d  produces  neither  sensation  nor  movement;  the  peri- 
ral  end  e  produces  movement 

[5.  Two  facts  are  proved  by  these  exiKTiments.  First, 
i  the  co-ojwration  of  the  centre  is  necessary  for  Sensation, 
not  for  Movement  Althougli  normally  all  the  muscles  of 
trunk  are  moved  only  when  their  centre  has  been  exciteil, 
any  irritation  applied  directly  to  tlie  muscle  nerve,  even 
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wlien  separated  from  its  centre,  produces  a  movement  And 
to  this  we  may  add  that  a  slighter  stimulus  will  move  the 
muscle  by  direct  irritation  of  the  nerve,  than  by  indirect 
irritation  through  the  centre ;  a  slighter  stimulus  also  will 
suffice  when  applied  to  the  nerve,  than  when  applied  to  the 
muscle  itself. 

26.  The  second  fact  proved  is  known  as  Belts  Law^  that 
the  sensory  and  motor  channels  are  respectively  the  posterior 
and. anterior  nerves.  The  fact  is  indisputable,  but  its 
theoretic  interpretation  can  no  longer  be  accepted  in  its 
original  form.  Bell  supposed  the  two  nerves  to  be  different 
in  kind,  endowed  with  different  specific  energies,  the  one 
sensitive,  the  other  motor.  The  majority  of  writers  stfll 
express  themselves  as  if  they  adopted  this  view.  We  shall, 
however,  presently  see  reason  for  replacing  it  by  the  more 
consistent  interpretation  which  assigns  one  and  the  same 
property  to  both  nerves,  marking  their  distinction  by  the 
terms  afferent  and  efferent ;  the  one  set  being  anatomically 
so  disposed  that  it  conveys  stimuli  from  the  surfaces  to  the 
centre,  and  the  other  set  conveying  stimuli  from  the  centre  to 
the  muscles,  glands,  and  other  cells  * 

27.  Bell's  discovery  was  rapidly  generalised.  The  prin- 
ciple of  localisation  was  extended  to  all  nerves,  and  of  couise 
to  the  posterior  and  anterior  columns  of  the  spinal  cord, 
which  indeed  were  assumed  to  be  continuations  of  the  nerves. 
Bell,  who  was  greater  as  an  anatomist  than  as  a  philosopher, 
always  maintained  that  anatomical  deduction  was  superior 
to  experiment.  But  this  was  to  misunderstand  the  reach  of 
deduction,  which  is  only  valid  to  the  extent  of  its  preini8ses.+ 
In  the  present  case,  the  premisses  assumed  that  the  posterior 
columns  were  continuations  of  the  posterior  roots,  and  carried 

*  It  has  been  proved  that  the  cells  of  the  cornea  and  the  pigment 
cells  of  the  skin  contract  under  nervous  excitation.  We  cannot 
suppose  that  although  these  are  the  only  cells  which  have  hitherto 
been  brought  under  experimental  observation  they  are  the  only  cells 
subject  to  nerve-influence.  We  may  safely  assume  that  wherever  a 
nerve  fibre  terminates,  its  action  will  be  transformed  into  an  excitation 
of  the  part  Habitually,  however,  motor-nerves  are  spoken  of  as 
muscle-nerves. 

t  On  Deduction,  see  Problems :  First  Series,  voL  ii.  p.  17a 
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impressioiis  to  the  brain,  the  anterior  columns  carrying  back 

from  the  brain  the  "  mandates  of  the  will."   Experiment  has, 

however,  decisiyely  shown  that  it  is  not  through  the  posterior 

<^lumns  that  sensory  impressions  travel  to  the  bmin,  but 

ttirough  the  central  grey  substance. 

28.  The  spinal  cord  with  its  central  grey  substance  is  at 
c^ach  point  a  centre  of  reflexion.  Connected  as  it  is  with 
^liflerent  oigans,  we  artificially  consider  it  as  a  chain  of 
difTerent  centres,  and  try  to  detect  the  functional  relations  of 
its  parts.  The  inquiry  is  important,  but  we  must  bear  in 
Hiind  the  cardinal  principle  that  diversity  of  Function  de- 
pends on  the  organs  innervated,  and  not  on  a  diversity  of 
I^pert}"  in  the  nervous  tissue.  Although  all  nerves  have  a 
common  structure  and  common  property,  yet  we  distinguish 
them  as  sensory  and  motor ;  and  the  sensory  we  subdivide 
into  those  of  Special  Sensation  and  those  of  Systemic  Sensa- 
tion. The  motor  we  divide  into  muscular,-  vasomotor,  and 
glandular.  The  hypothesis  of  specific  energies  must  be  re- 
linquished (§  63}. 

In  like  manner  all  centres  have  a  common  structure  and  a 
common  property,  with  a  great  diversity  of  functional  rela- 
tions. Here  also  the  hypothesis  of  s])ecific  energies  has  been 
generally  adopted,  owing  to  a  mistaken  conception  of  the 
biological  principle  just  mentioned.  The  cerebral  hemi- 
spheres are  credited  with  the  properties  of  sensation,  thought. 
and  volition ;  the  cerebellum  with  the  property  of  muscular 
co-ordination ;  the  spinid  cord  with  tlie  property  of  reflexion. 

29.  No  attempt  to  assign  the  true  functional  relations  of 
the  centres  will  be  made  at  the  present  stage  of  our  exposi- 
tion. We  must  learn  more  of  the  processes  in  Sensation, 
Tliought,  and  Volition,  before  we  ca!i  unravel  the  complex 
physiological  web  on  which  they  dejK*nd.  But  here,  pro- 
visionally, may  be  set  down  what  observation  and  ex|)eriiuent 
have  disclosed  respecting  the  part  played  by  certain  centres. 
We  know,  for  example,  that  when  the  cen^bral  hemispheres 
are  carefully  removed  from  a  reptile  or  a  bird,  all  tlio  essen- 
tially vital  functions  go  on  pretty  much  as  before,  but  a  great 
disturbance  in  some  of  the  psychical  functions  is  obser>'ed. 
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The  brainless  bird  eats,  drinks,  sleeps,  moves  its  limbs  se^,^""^ 
rately  and  in  combination,  manifests  sensibility  to  lig::^^'^^^^ 
sound,  and  touch,  performs  such  instinctive  actions  as  proni^ — ^^ 
its  feathers,  or  thrusting  the  head  under  the  wing  while  loos^^^^ 
ing.  Throw  it  into  the  air  and  it  will  fly.  In  its  flight  it 
will  avoid  obstacles,  and  will  alight  upon  a  ledge,  or  yoi 
shoulder.  But  it  will  not  fly  unless  thrown  into  the  air ; 
will  not  escape  through  the  open  door  or  window ;  it 
avoid  objects,  but  will  show  no  fear  of  them — ^alighting  (^  jd 
your  head,  for  example,  without  hesitation.  It  is  sensitive 
to  light,  and  may  in  a  certain  sense  be  said  to  see;  but  it 
fails  to  perceive  what  is  seen.  It  will  eat  and  drink,  if  food 
and  water  be  administered,  but  it  will  starve  near  a  heap  of 
grain  and  never  peck  it,  not  even  if  the  beak  be  thrust  into 
the  heap.  A  grain,  or  strip  of  meat,  may  be  thrust  inside  the 
beak;  there  it  will  remain  unswallowed,  unless  it  touches 
the  back  of  the  mouth,  then  swallowing  at  once  follows  the 
stimulus.  The  bird  vdth  its  brain  will  fly  away  if  you  turn 
the  finger,  or  stick,  on  which  it  is  perching ;  without  its  brain, 
it  makes  no  attempt  to  fly,  but  flutters  its  wings,  and  balances 
itself.  If  you  open  the  mouth  of  a  cat,  or  rabbit,  and  dropiri- 
some  bitter  fluid,  the  animal  closes  its  mouth  firmly,  and  r^^ 
sists  your  efforts  to  repeat  the  act;  without  its  brain, th^ 
animal  shows  the  same  disgust  at  the  taste,  but  never  resists 
the  preliminaries  of  the  repetition. 

30.  These,  and  analogous  facts,  have  been  noted  by  various 
experimenters.  They  are  very  far  from  proving  what  is 
usually  concluded ;  but  they  prove  the  important  negative 
position  that  the  cerebrum  is  not  the  centre  of  innervation 
for  any  of  the  organs  on  which  the  observed  actions  depend. 
Thus,  the  cerebrum  is  not  necessary  to  sight ;  er(/o  it  does  not 
innervate  the  eye.  It  is  not  necessary  to  hearing :  ergo  it 
does  not  innervate  the  ear.*     It  is  not  necessaiy  to  breathing 

*  I  do  not  here  touch  upon  the  question  as  to  whether  these  actions 
of  the  senses  are  sensations,  because  that  question  demands  that  we 
should  first  settle  what  is  Sensation.  I  may  at  once,  however,  say  that 
what  is  ordinarily  understood  as  a  sensation  of  colonr,  or  a  sensation  of 
sound,  is,  in  my  opinion,  not  possible  without  the  cerebrum.  But  the 
sensibility  of  the  eye  and  ear  is  manifestly  preserved. 


1 
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bellum:   all  the  functions  continue  as  before  except  that 
some  combined  movements  can  no  longer  be  effected ;  flight 
is  impossible ;  walking  is  a  mere  stagger.    Bemove  only  the 
lateral  lobes,  and  though  flight  is  still  possible  great  ineaher- 
ence  of  the  wings  is  observed,  whereas  walking  is  not  much 
affected.    If  only  the  cerebellum  be  removed,  the  cerebruin 
being  intact,  the  phenomena  are  very  different.      All  the 
perceptions  and  almost  all  the  emotions,  all  the  spontaneitj 
and  vivacity  are  retained ;  but  the  sexual  instinct,  which  was 
manifested  when  the  cerebrum  was  removed,  is  now  quite 
gone.     What  we  call  Intelligence  seems  unaffected.    The 
bird  hears,  and   understands  the  meaning   of  the  sounds; 
sees   and   perceives,  sees    and   fears,  sees    and    adjusts  its 
movements  with  a  mental  vision  of  unseen  consequences.*        1 

32.  Are  we  from  these  facts  to  conclude  that  the  cerebrom 
is  the  "organ  of  the  mind"?   that  it  is  "the  seat"  of 
sensation,  thought,  emotion,  volition ;   and  that  the  cere- 
bellum is  the  "seat"  of  the  sexual  instinct,  and  muscular 
co-ordination?     Such    conclusions   have  found  acceptance, 
even  from  physiologists  who  would  have  been  startled  had 
any  one  ventured  to  affirm  that  the  medulla  oblongata  vas 
the  "  organ  "  of  Respiration,  because  Respiration  ceases  when 
this  centre  is  destroyed.     I  shall  have  to  combat  this  notion 
at  various  stages  of  my  exposition.     Here  let  me  simply  say 
that  it  is  irreconcilable  with  any  clear  conception  of  organ 
and  function ;  and  is  plainly  irreconcilable  with  any  survey 
of  psychical  phenomena  in  animals  in  whom  the  cerebrum 
does  not  exist,  and  in  animals  from  whom  it   has  been 
removed. 

What  the  facts  indisputably  prove  is  that  the  cerebrum  has 
an  important  part  in  the  mechanism  by  which  the  most 
complex  psychical  combinations  are  effected,  and  that  the 
cerebellum  has  an  important  part  in  the  mechanism  by  which 
the  most  complex  muscular  combinations  are  effected.  The 
supreme  importance  of  the  cerebrum  may  be  inferred  from  its 

*  It  has  been  observed  that  removal  of  the  cerebellum  affects  the 
pigment  cells  of  the  skin.  No  doubt  other  parts  are  also  affected,  but 
the  changes  have  hitherto  escaped  observation. 
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Uing  »U  the  other  centres,  and  from  its  propondenirice 
Id  mui  it  stands  to  all  the  other  craiiial  centres 
r  in  tlie  relation  of  1 1  to  3.  It  is  alxiut  five  times  a8 
hany  as  the  Bjiinsl  cord — that  is  to  say  from  1 100  to  1400 
pmaiei,  ootnparcd  with  27  to  30  gfammes.  The  qunntity  of 
Hsod  dtuoUtiog  through  it  ie  iaimeuse.  Haller  estimated 
Ac  oaiuAl  circulation  as  one-fifth  of  the  whole  circulation. 
It  therefore,  tli«  Nervous  Centres  are  agents  in  the  produc- 
I  of  Semation  and  Intelligence,  by  far  the  largest  share 
i  be  allotttid  to  the  cranial  centres,  and  of  theae  the 
t  to  the  Ceivbrum. 

,  It  ta,  bowever,  one  thing  to  recognise  the  Cerebnim  as 
I  important  part  in  the   production  of  psychical 
,  Another  thing  to  localise   all    the   phenomena 
I  Wwir  organ   and  seat — a   localisation   which  soon 
t  more  absunl,  when  of  all  the  cerebral  structure 
r  cells  alone  are  admitted  as  the  active  agents ! 
d  juat  now,  we  recognise  in  the  Medulla  Otdon- 
s  centre  of  Kespiration,  but  we  do  not  suppose 
Hit  Scdpinition  has  its  seat  there,  nor  that  this  centre  is  ab- 
iapensahle  for  the  esscntiid  part  uf  the  process.   We 
|r  skin,  as  well  us  by  our  lungs ;  many  aniniiils  re- 
nothing  like  a  uioilulla  oblungata ;  as  many  ani- 
ftmanifest  wiB,  who  have  nutliing  like  a  cerebrum. 
D  of  centres  is  of  course  a  disturbance  of  the 
t  they  rc<^late.     But  even  the  observed 
^destruction  require  very  close  examination,  and 
e  to  erroneous  interpretations.     The  disappearance  of 
9  rolbwing  the  deetruclion,  or  disea.'ie  of  a  particular 
t  to  be  accepted  aa  a  proof  that  this  part  is  the 
i  the  lost  function ;  because  preeisuly  the  same  pheno- 
My  often  be  obser^-ed  following  the  destruction  of  a 
t  part,*     But  one  result  may  always  be  relict! 


r  ilcacribni   Uie   reiullB   o(    removing  carcfulljr   the 

aof  t}>aen;fl*h;  ■nd  these  elTi-cU  MeVEH  oWrvM  lo  b* 

i  wilk  dlMe  which  folio*  rvmoi-al  of  ihe  Urgn  claw  of  llie  cni;- 

i.  B.  Ilnrm:    Da4  J/rHmtungnnvft-tytttn  di$  Htntm,  1869, 

t  B«  add   thai  the   pbenamciu  describod  bj  M.  FaIVbk  iu 
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on,  and  that  is  the  persistence  of  a  function  after  removal  of  1 
particular  part.    Thus  there  is  a  certain  spot  of  the  cerebra 
convolutions  from  which  movements  of  the  limbs  are  excited 
when  the  electrodes  are  applied  to  it ;  removal  of  the  sub- 
stance is  immediately  followed  by  paralysis  of  the  limbs. 
Are  we  to  conclude  that  this  spot  is  the  organ  of  the  function  ? 
It  is  true  that  the  function  is  called  into  action  by  a  stimulus 
applied  to  this  spot :  true  that  the  function  suddenly  vanishes 
when  the  substance  of  this  spot  is  destroyed.     Nevertheless^ 
what  seems  a  loss  of  function  is  only  a  disturbance.    In  two 
or  three  days  the  paralysis  begins  to  disappear,  and  at  the 
end  of  a  week  the  limbs  are  moved  nearly  in  the  normal 
manner.    And  the  same  is  true  when  the  spot  in  question  is 
destroyed  on  both  sides.     The  recovery  of  the  function  shows 
that  the  absent  part  was  not  its  organ.    There  is  a  paradoxical 
experiment  recorded  by  M.  Paul  Bert  which  may  be  cited 
here.      He  removed  the  right  cerebral  hemisphere  from  a 
chameleon,  and  found  that  the  limbs  on  the  left  side  were 
paralysed ;  but  on  his  then  removing  the  left  cerebral  hemi- 
sphere the  limbs  of  the  left  side  recovered  their  activity.   A 
similar  result  was  obtained  by  Lussana  and  Lemoigneby 
extirpation  of  the  thalami.    When  we  tind  combined  move- 
ments persisting  after  the  cerebellum  has  been  destroyed,  we 
may  be  sure  that  the  cerebellum  is  not  the  organ  by  which 
such  combinations  take  place ;  and  when  we  find  sensation 
and  volition  manifested  after  the  cerebrum  has  been  removed, 
we  may  be  sure  that  the  cerebrum  is  not  the  organ  for  these 
sensations  and  volitions. 

34.  And  this  we  do  find.  Physiologists,  indeed,  for  the 
most  part,  deny  it ;  or  rather,  while  they  admit  the  observed 
facts,  they  refuse  to  admit  the  only  consistent  interpretation, 
biassed  as  they  are  by  the  traditional  conception  of  the 
brain.  After  having  for  many  years  persistently  denied  Sen- 
sibility to  any  centre  except  the  cerebrum,  they  are  now  gene- 
rally agreed   in   including  the   medulla   oblongata  within 

following  the  destruction  of  one  suboesophageal  ganglion  in  the  DjftitetUf 
are  so  little  to  be  referred  to  the  mere  absence  of  the  ganglion,  that  I 
find  them  not  to  occur  when  the  whole  head  is  removed. 
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region;    but  they  still  exclude  tha  medulla 

ill  the  cranial  centres  aa  far  as  the  medulla  oblon- 

from  yoiiiiH  rabbits,  dogs,  or  cata,  there  are 

>le  evidences   of  Sensibility  in   their  cries  when 

lire  pinched,  their  mm-imj  jaws  (as  in  mastication) 

aw  pkwd  in  their  mouths,  and  their  raisedpaws 

HMO,  when  irritating  vapours  are  applied.     It  is 

that  the  cries  ore  not  signs  of  pain;  and  tins  is 

Lbiit  they  (irp  assnredly  signs  of  Sensibility, 
I  frog  tlius  mutilated  has  lost  indeed  all  its  apecinl 
ipt  Toufh,  but  it  still   breathes,  atnigglea  when 
imst«  aside  the  pincers  which  irritate  it,  or  wipes 
dropped  on  its  skin.     If  the  eye  be  lightly  touched, 
if  the  touch  be  repeated  three  or  four  times, 
to  push  the  irritant  away ;  if  still  re- 
it  turned  aside ;  but  however  prolonged  the 
neither  hops,  nor  crawls  away,  as  he  does 
cerebellum  remains.     Place  the  brainless  frog  on 
and  if  the  medulla  oblongata  remains  he  will  at 
in  tI)o  normal  position ;  but  if  that  part  is  absent 
helpless  on  his  back.     The  power  of  preserving 
in  difficult  {Kisitions — which  of  course  implies  a 
dinatioD  of  musclca — resides  in  the  so-called  optic 
16  frog  (what  in  mammals  are  called  the  corpora 
ttut). 

[Ih  the  destruction  of  each  part  of  the  central  muss 
necessarily^  some  disturbance  of  the  mechanism ; 
dt  as  may  be  the  task  of  detecting  by  experiment 
be  nomul  action  of  any  one  part,  there  ought  to  be 
in  recognising  ttie  persistence  of  functions  after 
Its  uv  destroyed.  The  spinal  cord  is  anatomically 
be  the  centre  from  which  the  linil>s,  trunk,  and 
Muy  orgftns  arc  innervated.  So  long  as  the  me- 
Vf  the  actions  involving  sucli  organs  is  intact,  no 
tl  other  parts  will  prevent  this  mechanism  from 
[  its  normal  action.  There  may  indeed  arise,  and 
tbe  doubt  whether  Sensibility  is  involved  lu 
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the  action  of  any  nerve  centre  below  the  medulla  oMongata. 
But  this  doubt  is  founded  on  the  traditional  hypothesis  re- 
specting the  seat  of  Sensation,  and  is  flagrantly  at  variance 
with  the  logical  conclusions  of  Anatomy  and  Expeiiment 

38.  Anatomy  shows  that  the  structure  of  the  spinal  cord 
is  in  all  essential  characters  the  same  as  that  of  the  medulla 
oblongata ;  and  indeed  that  the  whole  central  axis  has  one 
continuous  tissue,  somewhat  variously  arranged,  and  in  rela- 
tion with  various  organs. 

Abundant  Experiment  has  shown  that  the  spinal  cord, 
apart  from  the  encephalon,  is  capable  of  acting  as  a  sen- 
sorial and  volitional  centre.  The  striking  facts  advanced  by 
Pfluger,  Auerbach,  and  myself,  have  not  been  impugned;* 
but  their  interpretation  has  been  generally  rejected.  We 
showed  that  a  brainless  frog  responded  to  stimulation  in 
actions  which  bore  so  close  a  resemblance  to  actions  admitted 
to  be  sensorial  and  volitional — showed  the  frog  adapting 
itself  to  new  conditions,  and  dcquiring  dexterity  in  executing 
actions  which  at  first  were  impossible  or  difficult,  demng 
combinations  to  effect  a  purpose  which  never  by  any  possi- 
bility could  have  formed  part  of  its  habits — ^manifesting,  in  a 
word,  such  signs  of  Sensibility,  that  no  one  witnessing  the 
experiments  could  hesitate  as  to  the  interpretation,  had  he 
not  been  biassed  by  the  traditions  of  the  schools. 

39.  Our  opponents  argued  that  in  spite  of  all  appearances 
there  were  profound  differences  between  the  actions  of  the 
normal  and  the  brainless  animal,  and  that  the  latter  were 
due  simply  to  Reflex  Action.  I  al^  insist  on  profound 
differences;  but  underlying  these  there  are  fundamental 
identities.  As  to  the  Reflex  Action,  two  points  will  here- 
after be  brought  forward:  i°,  tliat  all  central  action  is  le- 

•  Pplcger  :  Die  Sensorischen  Funltionm  da  Ruekenmarhf  1853. 

AuKRBACH  :  Gunzburg's  Zeitschnft.    Jahi^jang  iv.  p.  486. 

Lewes  :  Leed^  Jfteting  of  British  Association,  1858,  and  Physidogj 
of  Common  L\f\  iS6o. 

This  nHTognition  of  sensation,  and  even  of  volition,  in  spinal  actions 
nmy  W  found  in  the  writings  of  Whttt,  Unzer,  Prochaska,  Lboal- 
L018,  and  Mato  ;  but  the  establishment  of  the  Reflex  Theory  bad 
displaced  it,  ami  its  revival  dates  firom  PflSgir. 
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flex,  the  cerebral  no  less  than  the  spinal;  2^,  that  the 
hypothesis  of  Reflex  Action  being  purely  mechanical,  and 
distinguished  from  Voluntary  Action  in  not  involving  Sensi- 
\)iUty,  is  an  hypothesis  which  must  be  relinquished. 

40.  Postponing,  however,  all  discussion  of  these  points, 
kt  me  here  say  that  the  doctrine  maintained  in  these  pages 
is  that  the  whole  cerebro-spinal  axis  is  a  centre  of  Reflexion, 
iu  various  s^ments  taking  part  in  the  performance  of 
different  kinds  of  combined  action.  It  has  one  common 
property,  Sensibility ;  and  different  parts  of  it  minister  to 
different  functions — the  optic  centre  being  different  from  the 
auditory,  the  cerebral  from  the  spinal ;  and  so  on.  To  make 
this  intelligible,  however,  we  must  first  learn  what  is  known 
icspecting  the  properties  of  nerve-tissue. 


(     i68    ) 


CHAPTER  III. 

NEURILITY. 

41.  Observation  having  found  that  the  activity  of  a  nerve 
was  always  followed  by  a  sensation  when  the  nerve  ended  in 
a  centre,  and  by  a  movement  when  the  nerve  ended  in  a 
muscle,  Theory  was  called  upon  to  disclose  the  nature  of  this 
peculiar  property  of  nerves.     That  a  peculiar  and  mysterious 
power  did  act  in  the  nerves  no  one  doubted ;  the  only  doul^t 
was  as  to  its  nature.      The  ancient  hypothesis  of  Animal 
Spirits  seemed  all  that  was  needed.      The  spirits   coursed 
along  the  nerves,  and  obeyed  the  mandates  of  the   SouL 
When  this  hypothesis  fell  into  discredit,  its  place  was  succes- 
sively taken  by  the  hypotheses  of  Nervous  Fluid,  Electricity, 
and  Nerve  Force.      The  Fluid,  though  never  manifested  to 
Sense,  was  fii-mly  believed  in,  even  so  late  as  the  days  oE 
Cuvier;*    but  when  the  so-called  electrical  currents 
detected  in  nerves,  and  the  nervous  phenomena  were  showi 
to  resemble  electrical  phenomena,  there  was  a  general 
ment  in  adopting  the  electrical  hypothesis.     The  brain  thei 
took  the  place  of  a  galvanic  battery ;   the  nerves  were  it 
electrodes. 

42.  Closer  comparison  of  the  phenomena  detected  variou.-^His 
irreconcilable  differences,  which,  if  they  proved  nothing  els^^^ 

proved  that  nerve-action  took  place  under  conditions  u m) 

special  as  to  demand  a  special  designation.    Electricity  il 
is  so  little  understood,  that  until  its  nature  is  more  precise" 
known,  we  cannot  confidently  say  more  than  that  nei 
action  resembles  electrical-action ;  meanwhile  the  special: 


*  Fried  LANDER  (Versuch  iifterdie  innem  Sinne,  1826,  i.  77)  ded« 
it  to  be  a  rational  necessity  :  ''  Die  Annahme  eines  Nervenfluidam-^^  ist 
NothwenJigkeit  der  Vernunft" 
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is  not  only  a  pure  fiction,  but  one  which  is  inconsistent  with 
the  demonstrable  velocity  of  the  neural  process,  which  is  sot 
greater  than  the  pace  of  a  greyhound,  whereas  the  velocities 
of  light  and  electricity  are  enormously  beyond  this.  It  is 
inconsistent  also  with  the  observation  that  a  much  feebler 
current  of  electricity  is  requisite  for  the  stimulation  of  a 
muscle  through  its  nerve  than  when  directly  applied  to  the 
muscle :  a  proof  that  the  nerve  does  not  act  solely  by  trans- 
mission of  electricity — unless  we  gratuitously  assume  tkt 
the  nerve  is  a  multiplicator. 

When  it  is  said  that  the  living  nerve  is  incessantly  Uberat- 
ing  Force  which  can  be  communicated  to  other  tissues,  the 
statement  is  acceptable  only  if  we  reject  the  metaphysical 
conceptions  it  will  too  generally  suggest — the  conceptions  of 
Force  as  an  entity,  and  of  its  being  passed  from  one  object 
to  another  like  an  arrow  shot  flpom  a  bow.  The  physical 
interpretation  simply  says  that  the  molecules  of  the  nerve  are 
incessantly  vibrating,  and  with  varying  sweep ;  these  vibra- 
tions, when  of  a  certain  energy,  will  set  going  vibrations  in 
another  substance  by  disturbing  the  tension  of  its  molecules, 
as  the  vibrations  of  heat  will  disturb  the  tension  of  the  gun- 
powder molecules,  and  set  them  sweeping  with  greater  energy: 
this  is  the  communication  of  the  force.  Just  as  we  say  that 
a  magnet  communicates  magnetic  force  to  a  bit  of  iron, 
though  all  we  mean  is  that  the  magnet  has  so  altered  the 
molecular  condition  of  the  iron  as  to  have  given  it  the  move- 
ments called  magnetism — in  short  has  excited  in  the  iron  the 
dormant  property  of  becoming  magnetic — so  we  say  the  nene 
communicates  its  force  to  the  muscle,  exciting  in  the  musde 
its  dormant  property  of  contraction.  But  in  truth  nothing 
has  passed  from  magnet  to  iron,  or  from  nerve  to  muscle. 

44.  Do  what  we  will,  however,  there  is  always,  in  the 
present  condition  of  philosophical  chaos  the  danger  of  being 
misunderstood  when  we  employ  the  term  Nerve-force ;  and 
I  have  proposed  the  term  Neurility  as  an  escape  from  the 
misleading  suggestions.  It  is  a  symbol  expressing  the 
general  property  of  nerve-tissue.  For  reasons  presently  to  be 
stated,  I  restrict  Neurility  to  the  peripheral  system,  employ- 
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ing  Sensibility  for  the  central  system.    The  excited  muscle 
manifests  its  special  property  of  Contractility;  the  excited 
nerve  manifests  its  special  property  of  Neurility ;  the  excited 
centre  manifests  its  special  property  of  Sensibility.*      The 
terms  are  simply  descriptive,  and  carry  vrith  them  no  hypo- 
thesis as  to  vfhai  Neurility  is  in  its  hidden  process,  nor  }u>w 
Sensibility  arises  in  a  nerve   centre,  and  not  elsewhere. 
We  know  that  a  stimulated  muscle  contracts,  and  we  express 
the  fact  by  assigning  to  muscular  tissue  the  property  of 
Contractility.    We  know  that  a  stimulated  nerve  translates 
an  impulse  from  one  point  to  another,  and  excites  the  muscle 
to  contract ;  and  we  express  the  fact  by  assigning  to  nerve- 
tissue  the  property  of  transmitting  stimulation,  which  is 
further  specified,  as  unlike  other  transmissions,  by  the  term 
Neurility. 

45.  What  is  the  meaning  attached  to  the  term  Property, 
and  how  it  is  distinguished  from  Function,  has  been  already 
expounded  in  Problem  i,  §§  81-6.     There  also  was  laid  down 

*  These  terms  and  the  conception  they  embody  were  proposed  by 
me  in  1859  in  a  paper  ^'On  the  necessity  of  a  reform  in  Nerve-physi- 
ology,** TttA  at  the  Aberdeen  meeting  of  the  British  Association,  and 
were  reproduced  in  the  Phjftiology  of  Common  Life,  (Prof.  Owek, 
probably  in  fur^^etfulness  of  my  su>^estion,  proposed  '^  neuricity." 
LeOwret  on  the  Comp,  Anat,  of  Vertebrattiy  1866,  i.  p.  318.)  The  terms 
were  fortunate  enough  to  meet  with  acceptance  from  some  physiolo^'ists 
both  in  England  and  France  ;  and  the  conception  has  been  more  widely 
aceepted  than  the  terms.  The  moat  distinguished  approver  was  Prof. 
Vllpiax.  **Faute  d*une  meilleure  d^tenuination  on  peut,  avec  M. 
LeweSy  donner  k  la  propri^t^  physiologique  des  fibres  nerveuses  le  nom 
de  neurUiti  ;  c*eat  Ik  ce  qui  currespondra  k  la  contractility  des  fibres  mus- 
enlaires.*'  Lefon$  iurlaphytiologUdu  systime  nervtujc,  1866,  p.  220.  He 
alao  adopted  my  suggestion  (since  modified)  of  Sensibility  as  the 
property  of  ganglionic  cells.  Compare  also  Gavarret  :  Phinomineg 
pMytiques  de  la  Tw,  1869.  pp.  213  and  222.  Taulb  :  Xotione  sur  la 
nature  de  la  matiireorgranUky  1866,  p.  1 31.  Charles  Robin  :  Anatomie 
et  physiologie  edluUiires^  1873,  p.  166. 

By  these  chauneU,  and  by  the  German,  Italian,  Russian,  Polish,  and 
Hungarian  translations  of  my  work,  the  suggestions  were  carried  over 
Europe,  crept  into  scientific  journals,  and  became  known  to  writers  who 
never  heard  of  me.  I  only  mention  these  facts  lest  tlie  reader  should 
suppose  that  my  views  had  been  anticipated  by  certain  continental 
vriten. 
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the  principle  of  identity  of  structure  implying  identity  ofpr(h 
perty.  Inasmuch  as  observation  reveals  a  fundamental  simi- 
larity in  the  structure  of  the  nervous  tissue  throughout  the 
animal  kingdom,  we  must  conclude  the  existence  of  a  fiinda- 
mental  similarity  in  the  property  of  that  tissue :  a  conclusion 
confirmed  by  observation.  There  is  a  corresponding  agree- 
ment in  the  organs  and  functions ;  so  that,  within  certain 
limits,  the  experiments  performed  on  an  insect  may  be  veri- 
fied on  a  mammal.  Everywhere  nerve  tissue  has  certain 
characters  in  common,  accompanied  by  variations  in  the 
degree  and  mode  of  manifestation  corresponding  with  varia- 
tions in  structure  and  connexion.  Obvious  as  the  fact  is,  we 
must  emphasise  the  great  variety  which  accompanies  the 
underlying  uniformity,  for  this  is  recognisable  both  in  the 
individual  organism  and  in  the  animal  kingdom  at  large. 
Even  such  seemingly  individual  terms  as  nerve-cell  and  nerve- 
fibre  are  in  truth  generic;  and  the  description  which  accurately 
represents  one  cell  or  fibre  needs  modifying  for  others. 

Properties  are  generalised  expressions;  they  result  from 
the   composition,  the  structure,   and  the   texture  of  a  sub- 
stance.    Thus  one  bar  of  iron  may  differ  from  another  of 
equal  bulk  in  being  more  or  less  crystalline  in  structure, 
though  having  the  same  composition,  and  the  same  texture. 
This  difference  will  modify  the  mode  of  manifestation  of  the 
iron-properties.     Cast-iron  pillars,  for  example,  will  support, 
as  a  roof,  a  freight  which  would  break  them  if  suspended ; 
wrought-iron  pillars  of  similar  bulk  will  bear  a  weight  sus- 
pended which  would  crush  them  as  a  roof.     Yet  both  cast 
and  wrought  iron  pillars  have  the  same  properties,  because 
they  have  the  same  composition  and  similar  structure ;  the 
variation   of  structure  only  producing  a   difference   in   the 
modes.     Texture  may  also  var\^     The  bar  of  iron  may  be 
beaten  into  a  plate,  rolled  into  a  cylinder,  or  split  into  wire- 
work,  without  any  change  in  its  properties,  but  with  marked 
differences  in  its  modes  of  manifestation,  and  in  the  uses  to 
which  it  may  be  applied.     These  uses  are  of  course  depen- 
dent on  the  connexions  established  between   the  iron  and 
other  things.     In  Physiology,  uses  are  qqIIqA  functions. 
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46.  Nerve  tissue  must  be  understood  as  having  every- 
where the  same  general  Property.  In  one  animal  and  in 
another,  in  one  part  and  in  another,  Neurility  is  the  same  in 
kind,  but  not  everywhere  manifesting  the  same  degree,  nor 
applied  to  the  same  Function.  The  composition  of  nerve 
tissue  varies,  but  not  more  than  the  composition  of  all  other 
organised  substances;  the  structure  is  variable,  but  only 
within  a  small  range ;  the  texture  also ;  while  the  connexions 
are  very  various.  Hence,  whatever  the  variations  in  compo- 
sition or  structure,  the  nerve-fibre  has  everywhere  one  funda- 
mental property,  which  in  connection  with  a  muscle  has  the 
functional  activity  of  exciting  contraction ;  in  connection 
with  a  gland  of  exciting  secretion ;  and  in  connection  with  a 
centre  of  exciting  reflexion.* 

47.  Had  a  clear  idea  of  Function  as  dependent  on  con- 
nexion been  present  to  their  minds  certain  physiologists 
would  hardly  have  raised  the  mirage  of  "  Nerve-force,"  a 
mysterious  entity  endowed  with  *'  specific  energies,"  and 
capable  of  producing  vital  and  psychical  phenomena  by  an 
occult  process ;  nor  would  others  have  been  led  to  the  mon- 
strous hypothesis  of  particular  nerve-cells  being  endowed 
with  thought,  instinct,  and  volition.  They  would  have 
sought  an  explanation  of  functions  in  the  combined  proper- 
ties of  the  co-operant  organs  and  tissues.  They  would  not 
have  endowed  one  nerve  with  Sensibility,  and  another  nerve  of 
identical  structure  with  Motility ;  t  one  nerve  with  a  motor 
property,  and  another  with  the  opposite  property  of  inliibition. 

*  "  I^a  force  nervetue  n'existe  paB  comme  puissance  iiulependant  des 
|iroprietes  de  tissn.  EUe  consiste  en  Taction  des  parties  excit^e,  sur  les 
parties  excitables,  Tetat  de  Texcitation  des  premieres  agissant  cointiie 
impression  ou  stimnlation  sur  les  secondes.^  Landry  :  TraiU  des 
Paral^sUs,  1859,  i.  142. 

t  '*  Le  sjstime  nerveax  est  tout  k  la  fuis  Tori^^ine  des  sensations  et 
rorigine  des  mouvements.  Mais  est — ce  par  une  proprict<^  unique,  ou 
|«x  deux  proprietes  diverses  qu'il  determine  deux  pheiionienes  aussi 
distincts  T  *  Flourenh  :  R^cherchet  sur  Us  proprieth  et  Its  fonctioiis  du 
S^sUwie  NervfuXy  1 824,  p.  I.  He  concludes  that  ^  la  puissance  uerveuse 
n*eflt  pas  unique  ;  il  n'y  a  (las  une  seule  propria t^  il  y  en  a  deux,"  p.  24. 
In  this  he  hat  been  generally  followed. 
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They  would  have  seen  that  all  nerves  have  the  same  properly, 
but  different  uses  when  in  different  connexions. 

48.  Throughout  the  animal  kingdom  we  see  movement 
following  on  stimulation.     Stimulation  may  be  defined  the 
change  of  molecular  equilibrium.      The  stimulation  of  a 
muscle  is  produced    indirectly  through  a  change  in  the 
nerve,  or  directly  through  a  change  in  the  muscle  itaell 
In  the  simplest  organisms  there  is  no  trace  of  nerve  tissue; 
but  their  substance  manifests  Irritability  (or  as  it  is  often 
called  Sensibility) ;  and  a  stimulus  to  one  part  is  propagated 
throughout — the  whole  body  moves  when  touched.    Even  in 
Polypes,  where  there  is  the  beginning  of  a  differentiation,  the 
motion  is  slowly  propagated  from  one  part  to  the  rest.   A 
single  tentacle  retracts  when  touched;  but  the  movement 
rarely  ends  there ;  it  is  slowly  communicated  from  one  ten- 
tacle to  the  other,  and  from  them  to  the  whole  mass.    Touch- 
ing the  body,  however,  will  not,  if  the  touch  be  slight,  cause 
the  tentacles  to  move ;  so  that  we  see  here  a  beginning  of 
that  principle  of  specialisation  wliich  is  so  manifest  in  the 
higher  organisms:  the  tentacles  have  become  the  specially 
sensitive  parts.     Ascending  higher  in  the  scale  of  organisms 
we  find  those  which  habitually  move  particular  parts  with- 
out at  the  same  time  necessarily  moving  the  rest ;  and  this 
independence  of  parts,  accompanying  a  more  perfect  consen- 
sus, we  find  to  be   developed  pari  passit  with  a   nervous 
system.     An  immense  variety  of  part-movements,  with  vary- 
ing  combinations  of  such  movements,  is  the  physiological 
expression  of  the  more  complex  nervous  system. 

48a.  Deferring  what  has  to  be  said  of  Sensibility  till  the 
next  chapter,  we  may  here  touch  on  its  relation  to  Irrita- 
bility, which  is  often  used  as  its  synonym.  Objectively  it 
cannot  be  distinguished  from  Irritability,  nor  indeed  from  the 
most  general  phenomenon  of  reaction  under  stimulation; 
in  this  it  is  an  universal  property.  But  suhjedivcly  it  is  dis- 
tinguishable as  a  peculiar  mode  of  reaction,  only  known  in 
nerve  tissues.  While  all  tissues  are  irritable,  and  react  on 
being  stimulated,  each  tissue  has  its  special  mode  of  reaction. 
The  secreting-cell  reacts  differently  from   the  musde-cell. 
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M  reactioo  of  the  nerve  is  the  innervation  of  a  centre  or  a 
;  the  reaction  of  an  innervated  centre  is  sensation : 
Duscla,  contraction.  Thure  ore  Uiree  aspects  of  neural 
excitation,  propagation  of  the  disturbance,  and 
aa.  The  first  is  pxpvt^ased  by  irritability,  the  second 
^eoDdoctibility,  the  third  by  sensibility;  but  these  are  only 
1  distinctions  in  the  general  phenomenon  of  trans- 
it exoUation.  The  nerve  Enibstance  is  specially  dislin- 
1  by  its  instability  of  molecular  equilibrium  ;  it  under- 
e$a  chemical  change  with  a  readiness  comparable  to  that  of 
riploaire  substances.  Hence  its  facility  of  propagation  of 
ilutnibaDce.  ITiere  ia  irritability  and  propagation  of  tlis- 
uriitnca  in  muscular  tissue,  notably  evident  in  the  con- 
iinvaiu  tissue  of  the  heart,  intestines,  and  ureter;  but  the 
frapogation  is  i^luw  and  diffusive ;  whereas  in  the  ner\'e  it  is 
tiptd,  and  restricted  along  a  definite  path.  By  this  rapidity 
ud  mtrklion  the  force  of  tlie  impact  is  increased ;  and  thus 
tUi}^  itiinulus  applied  to  tlie  nerve  is  capable  of  disturl>- 
iicc  Uw  stat«  of  the  muscle. 

49i  Thus  while  molecular  movement  is  a  fundamental 
naditioa  of  Vitality,  and  is  incessant  throughout  organised 
niataace,  the  massive  movements  of  the  organbm,  and  the 
■DoretncnU  of  particular  part«,  are  the  dirtrted  quantities  of 
ikiii  Bujiwular  «}(italion.  They  are  due  to  Gtiniulatiun.  Wi- 
liutinguiah  this  from  mechanical  impulsion.  It  is  a  vital 
\ttMxta  involving  molecular  change;  it  is  not  simply  the 
roMUHiTii/ion  of  motion  from  without,  but  the  nrcitation  of 
wxiao  within.  It  is  not  like  the  blow  which  merely  dis- 
I'lk-M  ma  obji'^t,  but  like  the  blow  which  disturbs  its  molecu- 
-Ju  eqnUibriam.  Tlie  effect,  therefore,  depends  on  this 
r  condition :  the  blow  which  scatters  a  heap  of  gun- 
vill  oiplode  a  fulniinating  salt,  and  this,  in  ex- 
;,  win  oxcilti  the  gunpowder  to  explode.  The  stimu- 
R  which  is  too  feuhlc  to  excite  contraction  in  a  muscle  will 
inough  to  excite  the  neurility  of  a  nerve,  and 
i  W01  excite  the  contractility  of  the  muscle.  The  nerve- 
^'<t>!  is  ftimply  neural  stimulus.  It  acts  upon  thu  other 
%  the  nitrugeneous  salt  upon  tlie  gunpowder. 
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Although  it  is  now  common  to  speak  of  nerves  as  trans- 
mitting waves  of  molecular  motion,  and  to  regard  nerves  as 
the  passive  medium  for  the  "  transference  of  force,"  whereby 
the  force  is  thus  made  an  abstract  entity,  we  must  always 
remember  that  such  phrases  are  metaphors,  and  that  the 
truer  expression  will  be  not  "  transference  of  force,"  but  the 
"propagation  of  excitation."  I  mean  that  it  is  not  iJbtfom 
of  the  impact  nor  its  CTieryy  which  a  nerve  transmits,  it  is 
the  vibratory  change  produced  in  the  nerve  by  the  impact, 
which  excites  another  change  in  the  organ  to  which  the  nerve 
goes.  We  know  by  accurate  measurements  that  the  excita- 
tion of  a  nerve  lasts  much  longer  than  the  stimulus,  a  mo- 
mentary impact  producing  an  enduring  agitation.  We  know 
also  that  the  excitation  of  a  centre  lasts  longer  than  the  mus- 
cular contraction  it  has  initiated.  We  know,  moreover,  that 
a  nerve  may  be  totally  incapable  of  conducting  an  external 
stimulus,  yet  quite  capable  of  conducting  a  central  stimulus; 
were  it  a  passive  conductor  like  a  wire  this  would  not  be  so  * 

50.  The  nerve  is  essentially  an  exciter  of  change,  and 
thereby  a  regulator.  A  muscle  in  action  does  not  appreciably 
determine  action  in  any  other  (except  in  the  comparatively 
rare  cases  of  anastomosing  muscles) ;  a  secreting  cell  does 
not  propagate  its  excitation  to  others.  The  nerve,  on  the 
contrary,  not  only  propagates  its  excitation,  and  awakens  the 
activity  of  the  muscle  or  gland  with  which  it  is  connected^ 
but  through  the  centre  affects  the  whole  organism — 

"  Ein  Schlag  tausend  Verbindungen  scblagt" 

Thus  it  is  that  stimulation  which  in  the  simpler  organisms  was 
diffused  tliroughout  the  protoplasm,  has  in  the  complex  organ- 
isms become  the  specialised  property  of  a  particular  tissue. 

51.  Two  general  facts  of  supreme  importance  must  now 
be  stated :    One  is  the  law  of  stimulation — every  excitation 

•  **  I  have  raised  and  stretched  the  thick  orbital  nerve  of  horses  on 
the  handle  of  a  scalpel,  like  a  string  on  the  bridge  of  a  violin,  without 
exciting  the  least  sensation  ;  but  as  soon  as  mechanical  or  chemical  irri- 
tation had  given  rise  to  inllamniation  of  the  nerve  a  gentle  touch  caused 
violent  pain.*' — Romberg  :  Nervous  Diseases  (translated  for  the  Syden- 
ham Society),  i.  10. 
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r  rr^j.  tJtr  pirlh  of  Uaxt  renlitanee.     Tlie  second  is  the  contli- 
.  ot  K:iiuultitioD — unlike  nuehanical  impulsion,  it  acts  anlij 

•'j2.  This  meaan  that  althonj-h  a  nerve  may  be  excited  by 

I  -t.iiiihi?  external  to  it  which  changes  its  molecular  con- 

r    M.  pr»j>n^alion  of  that  chanye  {»>„  no  stimulatioa 

-  ij):  tins  nerve)  is  possible  except  through  continuity  of 
'.  ■Ill  ■■.      Mere   physical   contact   siifflcea  to   excite   the 

-.  lut  if  there  be  an  interruption  of  continuity  in  the 
'  .M-!f,  no  stimulus-n'avo  passes  across  that  line.     Cut  a 

-  Til  brinj;  the  divided  surfaces  once  more  into  close 
;  ..  '.hfTf  wiD  still  be  such  a  solution  of  continuity  113  to 

I  -1  iKi'  ^limnluft-wave,  mere  physical  contact  not  sufficinj^ 

:  riipagation.   Whereas  across  the  cut  ends  of  a  divided 

■■■:    ■  .vn   \Taibly  separated,   the   electric   current   easily 

Tliis  necessity  for  the  vital  continuity  of  tissue  in 

]'  j  irr.ttion  of  slimuliilion  must  always  be  borne  in  mind. 

]<:■  Miict'  of  a  membrane,  however  delicate,  or  of  any 

.-  l.i^;n^•  ft  diifercnt  moleculir  constitution,  sufhcea  to 

-  -'  . ;  livert  the  wave.  I  conceive,  therefore,  tliat  it  i^ 
'ir  Iv  iiiJiBpensable  that  a  nerve  should  terminate  in 
'1^  with  a  muscle  or  a  centre,  other wi so  no  stimulation 
:-  '■■■  iir  Cfnlre.  will  uke  place  through  the  m-rve. 

53    li"  difference  between  excitation  from  contact  and 

ij;;-  <  <:i  from  continuity  may  be  thus  illustrated.   In  fig.  13 

:;i-'  \e-^  of  a  frog  attachixl  to  the  spine  by  the  lumbar 

. iK' I  lyii)^' on  the  muscles  (tn)  of  one  leg  is  the  nerve 

'■   .1  ■:.  r  '-v:.'*  leg.     Applying  the  electrodes  to  (/),  the 

.  1,-.    .,.    ..t.   ■.  ioh;mly  «mtraet<Ml ;  not  only  so,  but  their 

iiLrftctum  excitea  the  other  nerve  (r),  and  the  leg  attached 

tki*   nerve   is  thereby   thrown   into  contraction.      This 

oyvodjuy  oontrwrtion,"  as  Dubois  Keymond  calls  it,  might 

-  mppoaed  to  be  due  to  a  diffiiaion  of  the  electrical  current ; 

I'll  dial  it  isduc  to  a  change  in  the  muscles  (m)  is  proved  by 

i-licADt  iix{arrinicnta  showing   that   iho  movements  in  the 

likebed  leg  are  of  precisely  tlie  same  kind  us  those  in  the 

--■s  ditMtly  stimulated.     If  there  in  only  a  muscular  shock 

'<  ibeuiu!  aue,  Uiera  ia  only  a  muscular  shock  in  the  otliei; 
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if  there  is  tetanus  in  the  one,  there  is  tetanus  in  the  other; 
if  the  muscles  of  the  first  leg  are  fatigued  and  respond  dowljr 
and  feebly,  the  response  of  the  second  is  slow  and  feeblei 


Moreover,  the  secondary  contraction  may  be  produced  by 
chemical  or  mechanical  stimulus,  as  well  as  by  the  electrical 

54.  Although  the  contraction  of  a  muscle  is  thus  seen  to  be 
capable  of  exciting  a  nerve  in  contact  with  it,  the  reverse  is  not 
true :  we  can  produce  no  contraction  in  a  muscle  by  exciting  » 
nerve  simply  in  contact  with  the  muscle,  and  not  penetrating 
its  tissue  and  terminating  there.  Accordingly  we  always  find  I 
nerve  when  about  to  enter  a  muscle  or  a  centre  losing  its  pro- 
tecting envelopes ;  it  gradually  becomes  identified  as  a  proto- 
plasmic thread  with  the  protoplasm  of  the  muscle  or  the  centra 

55.  Neurility,  then,  is  the  propagation  of  molecular  change. 
Two  oflBces  are  subserved  by  the  nervous  system,  which  may 
respectively  be  called  Excitation — the  disturbance  of  mole- 
cular teTisian  in  tissues,  and  consequent  liberation  of  their 
energies ;  and  Co-ordination — the  direction  of  these  several 
energies  into  combined  actions.  Thus,  when  the  muscle  is 
in  a  given  state  of  molecular  tension,  the  stimulation  of  its 
nerve  will  change  that  state,  causing  it  to  contract  if  it  be  in 
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Itot  this  stimulation,  wliich  will  thus  cause  a  con- 
1,  will  be  atrested,  if  at  the  same  time  a  more  powerful 
ilatiou  readies  tlie  antagonist  muscle,  or  some  distant 
;  tlien  tbe  muscle  only  tcTida  to  coutract. 


OUlCtX   OP   NBRVE-FORCE. 

After  tbi3  brief  account  of  Netirility  we  may  ptiss  to 
eooaideration  of  its  origin.  Are  we  to  understand  that 
ih«  pnjperty  tudongs  lo  the  nerves  themselves  in  the  sense 
:  "hich  Contractility  belongs  lo  the  muscles?  or  are  we  to 
-  t-jK  thr  toachin^  which  assigns  the  orij-in  of  "nerve-force" 
to tl»  ganglia,  and  ruganls  the  nerves  simjily  as  passive  con- 
iUm  of  a  force  developed  in  the  cells  ? 

67.  It  js  now  many  years  since  I  ventui-ed  I«  criticise  the 
m|;iiinit  doctrine,  and  to  urge  the  necessity  of  consistently 
oRring  om  the  distinction  between  Property  und  Function. 
I  aOed  attention  to  the  p<jsitive  evidence  which  contradicted 
lb  iika  uf  passive  conduction ;  and  pointed  out  the  illusoiy 
■alare  of  tlie  favourite  analogy,  in  which  ganglia  were  likened 
toUttBtie*,  and  nerves  to  the  conducting  wires.  But  the  old 
iMge  atiU  exerts  its  empire ;  and  writers  are  still  found 
ipaJUag  of  th«  brain  as  a  telegraphic  bureau,  the  ganglia  as 
tt(ioBa,«tuI  the  nerves  us  wires,  lu  the  cells  of  the  grey 
(■iMaitce  they  place  a  conslautly- renewing  reservoir  uf 
Mnv-Horae.  lliore  the  force  is  elaborated,  stored  up,  and 
"nm  llwocs  directed  along  the  nerves.  The  sensory  nerve 
■n  irapresfiion  to  the  brain" — as  the  wire  transmits 
to  the  bureau.  The  motor  ner^'e,  in  turn,  "  trans- 
■U  the  mandates  uf  the  will " — and  all  is  clear  I  Clear, 
.■.li  We  coQie  to  translate  metaphors  into  visible  facts,  or 
y  to  (MDJure  ap  some  mental  image  of  the  process.  Fur 
-'•elf,  1  can  only  conceive  nerve-force  as  the  activity 
the  Dvrre,  and  not  of  something  elx.  Tliis  becomes  still 
..uo:  svidenl  when  I  find  that  the  activity  is  equally 
•ni&nC  aftur  its  imaginary  s<jurce  hiis  buen  removed. 
^'■winiuiniB  impressions,  or  messages,  implies  as  a  pre- 
that   there  should  be  an  impressible  agent,  or  a 
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message-sender^  at  the  periphery.  No  one  supposes  diat 
simply  touching  one  end  of  a  wire  would  send  an  "  impies- 
sion"  or  a  ''message"  to  the  battery;  or  that  without  the 
battery  this  touch  would  evolve  a  current.  The  batteij  is 
indispensable ;  in  it  is  evolved  the  current  which  the  wire 
transmits.  Not  so  the  ganglion,  or  brain.  Remove  the  wire 
from  its  connection  with  the  battery,  and  it  is  a  bit  of  wire, 
nothing  more.  But  remove  a  nerve  from  its  connection  with 
a  ganglion,  and  it  is  still  active  as  nerve,  still  displays  its 
Neurility  when  excited,  still  moves  the  muscle  as  beforei 
.The  amputated  limb  wiU  move  when  its  nerves  are  stimiH 
lated,  just  as  when  a  reflex  from  its  centre  moved  it.  Evoy 
one  knew  the  fact ;  it  was  staring  them  in  the  face,  yet  they 
disregarded  it.  Even  the  old  anatomist,  Willis,  had  recoided 
experiments  which  ought  to  have  opened  their  eyes.  He  tied 
the  phrenic  nerve,  and  found  that  when  he  irritated  it  lielov 
the  ligature,  the  diaphragm  moved ;  but  when  he  irritated  it 
above  the  ligature,  no  movement  followed.  Since  his  day^ 
thousands  of  experiments  have  shown  that  the  presence  of » 
ganglion  is  not  necessary  to  the  action  of  a  nerve.* 

58.  Of  course  an  explanation  was  ready.  The  nerve  wis 
said  to  have  been  "  endowed  with  force  "  from  its  ganglion 
during  their  vital  connection ;  and  this  force,  stored  up  in 
the  nerve,  was  disposable  for  some  time  after  separation  from 
the  ganglion.  We  need  not  pause  to  criticise  this  misty  con- 
ception of  one  part  "  endowing  "  another  with  force ;  the 
plain  facts  afford  the  best  answer.  There  seemed,  indeed, » 
confirmation  of  the  hypothesis  in  the  fact  that  although  the 
nerve  separated  from  its  ganglion  was  capable  of  excitation, 
yet  after  a  few  excitations  it  was  exhausted,  and  ceased  to 
stimulate  the  muscle.  It  seemed  like  the  piece  of  magne- 
tised iron  which  would  act  as  a  temporary  magnet,  thoogh 
quickly  losing  this  borrowed  power.     But  the  whole  fabric 

•  The  experiments  of  IIaller  :  Sur  la  nature  sensible  el  irrUabU  da 
parties,  i.  245 ;  and  the  remarks  of  Prochaska  :  De  FunctionUnu  iSyf- 
tematis  Nervost  (translated  by  Laycock  in  the  volume  publbhed  by 
the  Sydenham  Societt/,  p.  396),  ought  to  have  sufficed.  See  farther  oa, 
Chap.  V. 


THE   KERVOUS    MECIfAXlSM.  ISI 

T  ongbt  to  have  fallen — when  extended  ol>9er\ation  dia- 
Bnnd  that  tbls  exhausted  nerve  would,  if  left  in  repose. 
mirr  its  Igst  power.  A  tier\'e  preserves  its  excitiibility  as  long 
I  il  [wewTTCs  its  structural  mtegrity,  and  recovers  its  power 
I  recovering  that  integrity.  The  length  of  time  varies, 
intiolet  funnd  the  musides  in  tlie  leg  of  a  tortoise,  which 
td  been  unpatateil  a  week  before,  contract  when  the  nerves 
ifn  iiritAled ;  and  Schiff  found  the  divided  nerve  of  a  winter 
mf  excitable  nt  the  end  of  three  weeks.  Even  after  all 
tcitfttiility  has  disappeared,  it  will  reappear  if  arterial  blood  be 
gided ;  jnst  as  musclea  which  have  already  begun  to  assume 
c  rigidity  recover  their  contractility  after  transfusion. 
k  tbii  alL  The  separated  aerxe  finally  degenerates,  and 
]  iu  structural  cliaracters  and  physiological  properties ; 
r  favourable  conditions  it  will  re(,'enevate — recover  its 
•  uid  properties ;  and  this  even  apart  from  a  centre, 
1  showed.  Very  noticeable  is  the  fact  that  the  force 
tb>[irodnc«d  in  the  centre,  and  only  "conveyed"  by  the 
L  Tuiishes  ({Tadually  from  the  centre  to  the  periphery, 
■  from  the  jwriphery  to  the  centre — the  part  of 
rre  which  is  farlheat  from  the  centre  being  excitable 
htbe  part  nearest  the  centre  is  still  inexcitable.  Again, 
B  is  pinched,  contraction  in  the  muscle  follows ; 
^  pitKh  has  for  a  time  so  disturbed  the  stnictural 
f  of  the  nerve  (nt  that  spot)  that  no  ii-ritant  applit^d 
Ikapot,  or  btiioem  it  aud  the  centre,  will  be  followed  by 
,  whereas  bel&w  the  spot  an  irritation  inkes  effect. 
U  il  another  form  of  the  experiment  of  Willis.  Even  iu 
Haonna)  state,  the  nerve  has  different  degreea  of  excitability 
ml  {«rt«  of  its  course,  a  fact  dtscuven>d  by  Pfliiger 
I  qaite  irreconcikble  with  the  hy]K>thesi9  of  passive 
I>oabls  have  been  thrown  on  niiiger'a  iiitcr- 
ii.t  namely,  tliat  tliere  is  on  uvalauche-like  accumula- 

I*  about  llinw  daja,  in  binla  four  cUja,  in  Tnigs  TourtMU 

in  Jovrnal  of  Anattmy,  1873,  No.  viii.  p.  331. 
■i*i  Ihat  ilia  Dvrvs  tn  titit  hiu  dillcmit  degrvts  i>t  riMCtiuii : 
Ir  At  W,ni/r  Jkad.,  D.tiiitUr  i8;6.j 
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tion  of  energy  proportionate  to  the  length  of  the  stimulated 
portion ;  but  the  fact  remains,  that  one  and  the  same  irritant 
applied  successively  to  two  different  points  of  a  nerve  doev 
not  irritate  the  muscle  in  the  same  degree.     Munk  also  finds 
the  velocity  of  transmission  in  a  motor  nerve  increases  aa  i 
approaches  its  termination  in  the  muscle.* 

59.  Nothing  can  be  more  unlike  the  conduction  of  an 
electric  current  than  this  excitation  of  Neurility;  nothing 
more  accordant  with  the  idea  of  it  as  a  vital  property  of  the 
tissue.  The  notion  of  its  being  derived  from  a  centre  is  on  a 
par  with  the  notion  first  successfully  combated  by  Haller,t 
that  the  muscle  derived  its  Contractility  from  the  nerves;  or 
the  analogous  notion  that  the  electric  organ  in  fishes  deriyed 
its  property  from  the  brain.  Indeed  it  was  in  support  of  the 
hypothesis  that  the  brain  was  a  battery,  and  nerves  the  con- 
ductors, that  the  phenomena  observed  in  electrical  fishes  were 
frequently  cited.  The  electric  organ  was  seen  to  be  connected 
with  the  brain ;  its  discharges  were  under  the  control  of  the 
animal ;  and  were  destroyed  on  one  side  when  the  brain  on 
the  corresponding  side  was  destroyed.  But  Charles  Bolrin 
long  ago  suggested,  what  indeed  ought  never  to  have  been 
doubted,  that  the  brain  was  not  the  source  of  the  electricity; 
but  that  the  tissue  of  the  electric  organ  itself  had  this  special 
property,  which  the  nerve  merely  called  into  activity.  The 
suggestion  has  been  experimentally  verified  by  M.  Moiean, 
who  divided  all  the  nerves  supplying  the  electric  organ  w 
one  side,  and  having  thus  cut  off  all  communication  with  the 
brain,  produced  electrical  discharges  by  irritating  the  nervee; 
precisely  as  the  muscles  are  made  to  contract  when  the 
divided  nerves  are  irritated.  Had  the  experiment  ceased 
here,  it  might  have  been  interpreted  on  the  old  hypothesis: 
the  electric  organ  might  be  supposed  to  have  a  certani 
amount  of  electric  force  condensed  in  it,  stored  up  there;  w 
it  is  said  to  be  in  the  nerves ;  and  dischai^ed  when  the 
organ  is  irritated.  But  experiment  has  decided  this  point 
also.     Electric  fishes  notoriously  exhaust  their  power  by  a 

•  Munk  :  in  the  Archivfur  Anat,  i860,  p.  798. 

t  Haller  :  Memoir €9  sur  la  nature  sensible  et  irritable  dtt  partiek 
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1  recover  it  after  repose.  When  M.  Moreiiu 
I  mutilated  fishes,  he  replaced  them  in  the 
I  them  repose.  On  again  irritating  the 
^the  disehorges  were  again  produced.' 
n  all  sides  the  idea  of  nenes  deriviug  their  power 
Mher  source  than  their  own  suhstaiice  ia  seen  to 
■■hie.  A  priori  this  might  ha\'e  beeu  concluded. 
V  \»  the  vital  pri>j>erty  of  nerve-tisaue.  "  Nerve- 
■  netre-Bction  —  molecular  changes  in  the  nerve 
K  in  eome  rcniute  substance.  That  nerve  and  centre 
nr  coDOectitd  is  true;  and  what  their  physiological 
Etre  will  hentafter  be  exatnined  ;  but  we  must  dis- 
I  idea  of  nerves  having  tlie  relation  to  centres  that 
It  have  to  batteries. 

f  proposing  the  term  Neiirilily,  I  not  only  wished  to 

I  Uie  ambiguities  which  hovered  round  "  nerve-force  " 

rre-cmrent,"  but  to  recall  the  physiologic^  principle 

Mtrtict)  are  dependent  on  strncturcs;  and  therefore 

wcial  property  of  nerve-tissue  is  eonditioneil  by  its 

Keurility  is,  of  course,  an  abstraction ;  but  so  is 

I  an  abstraction.     The  concretfl  manifestations  are 

1  nerve- action 8.     These  we  classify  and  specify. 

I  we  call  sensory.  anothi.*r  class  motor ;  not  because 

ction  itfielf  is  different,  but  because  it  is  in  each 

\  different  functional  relation  to  other  parts.     In 

aa   governors  and   governed,   employers   and 

>  do  not  suppose   antbropological  distinctions, 

IdiBercncvs  in  their  aocial  functions. 

■  M  the  mndiflcation  of  the  I.>aw  of  Dell  to  wliich 

I  made  in  \  26.     It  replaces  the  idea  of  two 

riundB  of  nerve,  aenflory  and  motor,  by  that  of  two 

]9tiatomical  conmctiona.     I  need  not  reproduce  here 

:  with  wltich  I  formerly  criticised  the  supposed 

I  lielwi-en  eeiisory  and  motor  nerves ;  because  the 

■  XBpidly  falling  into  discredit,  and  physiologists  so 

1  and  Wundt  have  e.\p]icitly  announced 


»  Anu/fw,  1863,  liv.  p.  963. 
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their  adhesion  to  the  principle  of  identity,  a  principle  whicb^ 
as  Yulpian  truly  remarks,  dominates  the  whole  physiology  of 
the  nervous  system  * 

THE  HYPOTHESIS  OP  SPECIFIC  ENERGIES. 

63.  One  development  of  the  theory  of  Bell,  respecting  the 
different  kinds  of  nerve,  has  been  the  still  accredited  hypo- 
thesis that  each  nerve  has  a  "  specific  energy,"  or  quality,  in 
virtue  of  which  it  acts  and  reacts  only  in  one  way.  The 
optic  nerve,  no  matter  how  stimulated,  only  responds  by  a 
sensation  of  colour,  the  auditory  nerve  only  by  a  sensation  of 
sound ;  and  so  on.  This  hypothesis,  which  (as  I  learn  from  a 
correspondent  t)  was  originally  propounded  by  Bell  himsdt 
was  developed  and  made  an  European  doctrine  by  Johannes 
Miiller,  first  in  his  remarkable  treatise,  Uber  die  phanic^ 
stischen  Gesichtserscheinungen  (1826),  and  afterwards  in  his 
Physiology,  Like  all  good  hypotheses,  it  has  been  fruit- 
fid  ;  and  Helmholtz  still  holds  it  to  be  of  extraordinary  im- 
portance for  the  theory  of  perception.  Although  combated 
by  a  few  physiologists,  it  has  kept  its  place  firm  in  the 
general  acceptance ;  no  doubt  because  it  forms  a  ready 
explanation  of  the  facts.  But,  as  I  often  have  to  remark, 
explanation  is  not  demonstration.X 

64.  The  first  criticism  to  be  made  on  the  hypothesis 
is  that  it  commits  the  error  of  confounding  function  with 
property,  assigning  as  a  specific  quality  of  the  nerve  the 
reaction  of  the  organ  innervated.  Thus  Miiller  speab 
of  the  specific  energy  as  "the  essential  condition,  of 
the  nerves  in  virtue   of  which    they   see   light  and  hear 

*  J'esp^re  vous  convaincre  que  t()us  les  616ments  auatomiques  des 
nerfs  sensitifs,  moteurs,  vasomoteurs,  et  autres,  ont  les  mdmeit  p^ 
pri6t6s,  et  ne  sont  distincts  que  par  leurs  fonctions.  Cette  question  est 
de  la  plus  haute  importance  pour  la  physiologie  g6u6rale.  Cest  odl* 
qui  domine  toute  la  physiologie  des  fibres  nerveuses." — ^VclMaSI 
Le^ojis  sur  la  Physiologie  du  Systhne  A^erwttx,  p.  1 1. 

t  Mr.  James  Andrews. 

X  In  the  second  number  of  La  Revue  Philoeopkique^  Paris,  1876}  i 
have  treated  this  question  of  specific  energies  more  at  length  than  I 
could  find  space  for  in  the  present  volume. 
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the  optic  norve  no  more  sees,  than  tlie  liver- 
bile.    That  the  optic  nerve  ia  one  element  in  the 
D  which  vision  depends,  13  all  that  Me  can  say. 
dedans  that  it  is  not  sufficient  to  assume  each  nerve 
to  constituted  [hut  it  has  a  susceptibility  to  certain 
nUher  iJun  to  otiiura ;  hut  that  "  with  Aristotle  we 
ucribe  to  eiich  a.  peculiar  energy  as  its  vital  (quality, 
m,"  he  adds,  "  coiisista  in  the   sensoriuni   receiving 
the  medium  of  the  nerves  a  knowledge  of  certain 
\, — a  condition,  not  of  the  external  bodies,  hut  of  the 
Ihriusclvee," — and  these    qualities   are   diirerunt  in 
t    nerves.      In    other  words,  he  assumes  a   special 
ce  for  each  special  energy.     The  sensation  of  colour 
I  on  the  special  Vbual  substance  {Seksinnsubstaju:) ; 
of  sound  on  the  Auditory  substance  {Iliir- 
tlanz)  ',  and  so  un. 

VCe  have  hiTv  an  hypothesis  analogous  to  that  of 
Idea&,  or  a  priori  Forms  of  Thought  It  is,  in  fact, 
reprodaction  of  that  conception  carried  into  the  sphere 
«.  Ko  ODU  thinks  of  assigning  specific  enei'gies  to  the 
muAclcs,  yet  a  movement  of  prehension  is  as  different 
Diovement  of  extension,  a  peristaltic  movement  is  as 
tt  from  a  movement  of  occlusion,  as  a  eenaation  of  sound 
lion  of  colour.  If  movement  is  common  to 
cIusH,  feeling  is  common  to  both  of  the  olln'r : 
mechanism  arc  different  and  specific.  Muscles 
ion  property  of  contracting  under  stimulation ; 
be  the  nature  of  the  Btimulua,eacb  muscle  has  its  own 
ntaponse,  or  mode  of  reaction :  the  flexor  always 
nvT«r  extending  the  limb;  the  sphincter  always 
nKWt  opening  the  orifice.  The  movements  of  the 
not  the  same  as  those  of  the  eye ;  both  are  uidike 
of  the  intestine.  There  are  muscles  which 
r  stimuli,  and  not  to  others.  Those  of  the  eye, 
tbe  vocal  choHs,  respond  to  imimlRes  which  would  leave 
or  biceps  unstirred.  According  to  Marey,  the 
frog  will  become  tetanic  under  a  stimulus  of 
in  a  second ;  whert-us  tlie  gastrocnemius  of 
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that  same  frog  resists  a  stimulus  of  less  than  twenty  in  a 
second.  We  find  the  retina  responding  to  ethereal  pulses 
wliich  leave  the  auditorius  unaffected ;  we  find  the  muscles 
of  a  gnat's  wing  so  exquisitely  susceptible  that  the  wing 
beats  eight  thousand  times  in  a  second — a  delicacy  in  com- 
parison with  which  even  our  muscles  of  the  eye  are  coarse. 

66.  The  facts  which  the  hypothesis  of  specific  energies  is 
called  on  to  explain  are  more  consistently  interpreted  on  the 
admission  of  a  common  property  in  nerve-tissue,  manifesting 
different  degrees  of  excitability,  and  entering  into  different 
mechanisms,  so  that  the  functional  results  differ.  A  nerve 
which  may  be  stimulated  from  the  skin  will  not  respond  at 
all,  or  not  in  the  same  way,  if  the  stimulus  be  applied  under 
the  skin.  Are  we  to  suppose  that  the  specific  energy  resides 
in  one  part  of  the  nerve,  and  not  in  another  ?  ♦  That  the 
optic  nerve  responds  to  stimuli  which  will  not  sensibly 
excite  a  motor  nerve,  depends  on  the  terminal  structures 
through  which  the  stimulation  is  excited  ;  for  the  optic  nerve 
itself,  apart  from  the  retinal  expansion,  is  as  insensible  to 
light  as  the  motor  nerve  is.  And  the  specific  sensation,  or 
movement,  which  res^iUs  from  stimulation  of  a  nerve  depends 
not  on  the  nerve,  but  on  the  mechanism  of  which  the  nerve 
is  one  element.     Sensations  of  touch,  temperature,  and  pain 

*  In  1859  I  mentioned  that  if  the  nerves  of  a  frog's  back  be  exposed 
by  raising  the  skin,  they  may  be  pricked  or  even  cut  without  sensible 
effect,  although  a  slight  prick  on  the  skin  will  excite  the  nerves,  and 
cause  a  reflex  action.     In  1 870  Prof.  FiCK  expressed  his  astonishments 
at  finding  that  after  he  had  cut  out  a  piece  of  the  skin,  leaving  i^ 
attached  to  the  body  by  a  single  nerve,  electrical  stimulation  of  thi^ 
excised  skin  caused  the  frog  to  make  the  reflex  movement  of  rubbing  tti-^ 
irritated  surface  ;    whereas  electrical   stimulation  of  the   nerve-trun-^ 
itself  produced  no  reflex  efi'ect,  only  a  twitching  of  a  muscle.    PflUgc^ 
Archivy  1870,  p.  327.    Brown  S6quard  tries  to  establish  a  distir*^ 
species  of  nerves  as  conductors  oi  sensitive  impressions,  from  those  whi.^^ 
are  impressionahle.     The  facts  on  wliich  he  founds  these  two  property ^ 
simply  show  that  nerves  are  so  disposed  that  the  stimulus  which  excl  '■^ 
them  in  one  place  fails  in  another.     He  could  haally  maintain  tha,*^^ 
skin  nerve  contained  impressionable  fibres  at  its  periphery,  and  o^cn 
conducting  fibres  in  its  trunk  ?     See  his  communication  to  the  R<^3 
Society  :  Proceedings,  1856  ;  and  Lectures  in  the  Lancet,  loth  July  il 
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tre  assuredly  specific ;  they  are  as  unlike  each  other  as  a 
Knsation  of  taste  is  unlike  a  sensation  of  smell.  Yet  the 
same  nerves,  variously  stimulated,  produce  all  three  sensa- 
tions. 

67.  We  conclude,  therefore,  that  the  phrase  specific  energy 
is  an  elliptical  expression  for  the  particular  office  of  a 
ner\'e.  In  this  meaning  there  is  no  obscurity.  The  optic 
nerve  is  not  a  vasomotor  nerve,  the  skin  nerve  is  not  a 
muscle  nerve ;  the  auditory  nerve  is  a  nerve  of  special  sen- 
sation, the  vagus  is  a  nerve  of  systemic  sensation ;  and  so 
(m.  Neither  movement  nor  sensation  belongs  to  the  nerves 
themselves. 


(     188    ) 


CHAPTER    IV. 

SENSIBILITY. 

68.  The  principles  laid  down  in  the  preceding  chapter  ara 
equally  applicable  to  the  central  system.    But  here  greater 
difficulties  await  us.    We  cannot  expect  traditional  views  t<> 
be  easily  displaced,  when  they  have  taken  such  hold  on  the 
mind,  as  is  the  case  with  regard  to  Sensibility.     To  admit 
that  all  nerves  have  a  common  property,  and  that  their  func- 
tional relations  depend  on  the  organs  which  they  innervate, 
demands  small  relinquishment  of  cherished  opinions.     But  to 
admit  that  all  nerve-centres  have  a  common  property,  aud 
that  their  functional  relations  depend  on  their  anatomical  con- 
nections, is  to  sweep  away  at  once  a  mass  of  theoretic  inter- 
pretations  which   from   long  familiarity  have  acquired  an 
almost  axiomatic  force.     That  the  brain,  and  the  brain  only, 
is  the  source   and  seat   of   Sensibility  is  the  postulate  of 
modem  Physiology. 

69.  The  question  is  one  of  extreme  complexity,  but  may 
be  greatly  simplified,  if  we  can  manage  to  reduce  it  to  purely 
physiological  terms,  and  consider  the  phenomena  in  their 
objective  aspect.  In  dealing  with  ner\'es  and  their  actions 
this  was  comparatively  easy ;  we  had  for  the  most  part  only 
physiological  processes  tounraveL  It  is  otherwise  in  dealing 
with  nerve-centres — the  subjective  or  psychological  aspect  of 
the  phenomena  inevitably  thrusts  itself  on  our  attention; 
and  all  the  mysteries  of  Feeling  and  Thought  cloud  our 
vision  of  the  neural  process.  Do  what  we  will,  we  cannot 
altogether  divest  Sensibility  of  its  psychological  connotations 
cannot  help  interpreting  it  in  terms  of  Consciousness ;  so  that 
even  when  treating  of  sensitive  phenomena  observed  in 
molluscs  and  insects,  we  always  imagine  these  more  or  less 
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fulTiucd  with   Feeling,  aa  this  13  known   in  nur  own  con- 
uioDs  States. 

70.  Feeling  is  recognised  as  in  some  way  or  otter  bound 
lip  with  ueunU  processes ;  but  Pbyaiology  proper  has  only  to 
nmcem  itself  witli  tliB  processes ;  and  the  question  whether 
tlioe  can,  ami  <lo,  go  on  unaccompanied  by  Feeling,  is  strictly 
sfieaking  one  which  belonj^  to  Psycholnj^y.  It  demands  as  a 
pftliiiiiniiry  that  tlie  term  Feeling  be  defined ;  and  the  answer 
vill  (l>-peiid  upon  that  definition,  namely,  whether  Fueling 
It  inierpreted  as  synonymous  with  Consciousness  in  the  re- 
>uict«d  sense,  or  synonymous  with  the  more  general  t«rni 
^tience.  If  the  former,  then  since  there  are  unques- 
tuaably  neuml  processes  of  which  we  are  not  conscious,  we 
mist  ificcify  the  particular  groups  which  subserve  Feeling ; 
M  wb  Bperify  the  particular  gioups  which  subserve  the  sen- 
■tioDi  of  Sight,  Hearing,  Taste,  &c. ;  and  localise  the  sepa- 
ni«  functions  in  sepiirate  organs.  If  the  latter,  then,  since 
>U  MnTkl  processus  have  a  common  character,  we  have  only 
In  kmliae  tka  particular  variations  of  its  manifestatiuu,  and 
diKiBpiiih  sensitive   phenomena  as  we  distinguisli  motor 


tTI.  It  is  absolutely  certain  that  the  Fettling  we  attribute 
s  noUu«c  is  different  from  that  which  we  attribute  to  a 
in;  ironly  because  the  organisms  of  the  two  are  so  widely 
^dtniit,  owl  have  been  uniler  sucli  diflerent  conditions  of 
■niUtion.  If  every  feeling  is  the  functional  result  of  special 
Mfpnio  activities,  varying  with  the  co-operaiit  elements,  we 
on  luiva  no  more  warrant  for  assuming  the  existence  of  the 
mtepuiindar  forms  of  Feeling  in  organisms  that  are  un- 
like, lliaii  ittr  assuming  the  47tb  pn>poaition  of  Euclid  to  be 
prcfcnted  hy  any  three  ntraight  lines.  'Ilie  lines  are  the 
ttentry  baaia  for  the  construction,  but  they  are  not  the 
Iriaiigle,  except  when  in  a  spi-cial  configuration.  Tliis  is  not 
dcnyiiag  thai  auimaln/^F/  (in  the  geiienU  sense  of  that  tenn), 
itiionly  usertiuglhat  their  feelings  must  be  very  unlike  our 
nwn.  Even  in  our  own  race  we  see  markeil  differences — some 
modes  of  fL>«ling  jjeing  absolutely  denied  to  individuals  only 
aligluljr  diffcting  from  their  fellows.     If,  howcvijr,  wb  admit 
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that  diiTerent  animals  must  have  difTerent  modes  of  Feeling; 
we  must  also  admit  that  the  neuro-muscular  activities  are 
generically  alike  in  all,  because  of  the  fundamental  similarity 
in  the  structures.  Whether  we  shall  assign  Feeling  to  the 
mollusc  or  not  will  depend  on  the  meaning  of  the  term ;  but^ 
at  all  events,  we  require  some  term  general  enough  to  include 
the  phenomena  manifested  by  the  mollusc,  and  those  manif> 
fested  by  all  other  animals.  Sensibility  is  the  least  objeo* 
tionable  term.  Unless  we  adopt  some  such  general  designar 
tion,  physiological  and  psychological  interpretations  become 
contradictory  and  obscure.  The  current  doctrine  which 
assigns  Sensibility  to  the  brain,  denying  it  to  all  other 
centres,  is  seriously  defective,  inasmuch  as  it  implies  that 
tissues  similar  in  kind  have  utterly  diverse  properties;  in 
other  words,  that  the  same  nerve-tissue  which  manifesta 
Sensibility  in  the  brain  has  no  such  property  in  the  spinal 
cord. 

72.  How  is  this  tenable?  No  one  acquainted  at  first 
hand  with  the  facts  denies  that  the  objective  phenomena 
exhibited  by  the  brcdnless  animal  have  the  same  general 
character  as  those  of  the  animal  possessing  a  brain:  the 
actions  of  tha  two  are  identical  in  all  cases  which  admit  of 
comparison.  That  is  to  say,  the  objective  appearances  are 
the  same;  difTering  only  in  so  far  as  the  mechanisms  are 
made  diflTerent  by  the  presence  or  absence  of  certain  parts. 
The  brain  not  being  a  necessary  part  of  the  mechanical 
adjustments  in  swimming,  or  pushing  aside  an  irritating 
object,  the  brainless  frog  swims  and  defends  itself  in  the 
same  way  as  the  noimal  frog.  But  no  sooner  do  we  pass 
from  the  objective  interpretation,  and  introduce  the  subjec- 
tive element  of  Feeling  among  the  series  of  factors  necessary 
to  the  product — no  sooner  do  we  ask  whether  the  brainless 
frog  feels  the  irritation  against  which  it  struggles,  or  tvUk  the 
movements  by  which  it  swims — than  the  question  has  shifted 
its  ground,  and  has  passed  from  Physiology  to  Psycholbgy. 
The  appeal  is  no  longer  made  to  ObservjUiion,  but  to  Interpre- 
tation. Observation  tells  us  here  nothing  directly  of  Feel- 
ing.   What  it  does  tell  us,  however,  is  the  identity  of  the 
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r>I>jectire  phenomena ;  ami  Physiology  demands  that  a  cum- 
nifln  term  be  employed  to  designate  the  character  common 
E"  the  viiHod  pheuoiuena.  Stinaibility  is  such  a  tena.  But 
lu-M  irKxlcm  physiologists,  under  the  bias  of  Irudition,  refuse 
I'tAi'tid  Sensibility  to  the  spinal  cord,  in  spite  of  the  evi- 
■itiiLV^  .,f  the  spinal  cord  possessing  that  property  in  com- 
mon iriih  the  brain.  They  prefer  to  invoke  a  new  property ; 
itu-r  usigit  spinal  action  to  a  lieflox  Mechanism  which  has 
Q'llliiii^  ot  the  character  of  Sensibilily,  because  they  have 
)'l^Jlli6Ml  Sensibility  with  Consciousness,  and  have  restricted 
t.un»ciouHnce3  to  n  special  group  of  sensitive  phenomena. 

73.  Nor  is  it  Co  be  denied  that  on  this  ground  they  have  a 
ttTn  liasis.  Everj-  one  could  testify  to  the  fact  that  many 
[  f'-wv*  normally  go  on  without  being  accompamed  by  con- 
- !  .(n!i-r^5,  in  the  special  moaning  of  the  term.  Keflex 
iriin.i, — »nch  as  winking,  breatliing.  swallowing,— noto- 
n-m'lj  [inHluced  by  stimulation  of  sensitive  surfaces,  take 
[ibw  wiihout  our  "  feeling"  them,  or  being  "  conscious "  of 
lltrOL  UoDce  it  b  concluded  that  the  HeHex  mechanism 
aSuvt  without  the  intervention  of  Sensibility,  1  altogether 
diipuUi  the  conclusion  ;  and  in  a  future  Problem  will  endea- 
I  to  ahow  that  Sonaibility  is  iiecessnry  to  Kellex  Action. 
U  without  awaiting  that  exposition  we  may  at  once  con- 
)  evidence,  by  adducing  the  familiar  fact  thiifun- 
:esses  go  on  in  the  brain  as  well  as  in  the 
id;  and  this  not  simply  in  the  sphere  of  Volition, 
t  in  the  sphere  of  Thought."  We  act  and  think 
"iotanuitically "  at  times,  and  are  quite  "unconscious"  of 
•W  W0  are  doin^.  or  of  the  data  we  are  logically  grouping. 
^JTa  oft«D  think  as  unconsciously  as  we  breathe;  although 
Hba  tinw  to  lime  we  become  conscious  of  both  processes. 

^^P  !■  eonM^nmc*  of  llii*  obwrvation  some  phj-iiotoguu  hare  inwu- 
^^Bid  thai  Fnlln;:  ur  CuUKioiianeM  ntrver  uiw*  in  Mreliril  actiTit)', 
^^^ki  IIm  Ibalami  «i<t  Htf  ccinneetrtl  tracU  are  at  the  uintt  liiu«  in 
^^Bon.  t  20  toTthti,  aQii  muiDUin  that  tbero  ia  nn  CouKiouineae  (in 
l^a* iMlrictad  Bi«aiilD);  of  tho  Urin)  unUtt  A*  uhoU organUm  ii  invotttJ 

t'xnlinl  t>r  »|>liial  Ktivity  will  U  Kliviiy  of  Sviuibility  ;  lut  tbU  u 

•alfr  Uw  talis  af  Cotueioi 
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• 

Yet  who  will  assert  that  these  unconscious  processes  were 
independent  of  Sensibility  ?  Who  will  maintain  that  be- 
cause cerebral  processes  are  sometimes  unaccompanied  by 
that  peculiar  state  named  Consciousness,  therefore  all  its 
processes  are  unaccompanied  by  Feeling  ?  And  if  here  we 
admit  that  the  Reflex  mechanism  in  the  brain  is  a  sentitivt 
mechanism,  surely  we  must  equally  admit  that  the  similar 
Eeflex  mechanism  in  the  spinal  cord  is  sensitive  ? 

74.  Let  it  be  understood  that  Sensibility  is  the  common 
property  of  nerve-centres,  and  physiological  interpretations 
will  become  clear  and  consistent.     Consciousness,  as  unde> 
stood  by  psychologists,  is  not  a  property  of  tissue,  it  is  a 
function  of  the  organism,  dependent  indeed  on  Sensibility, 
but  not  convertible  with  it.    There  is  a  greater  distinction 
between   the   two    than    between  Sensation,   the    reaction 
of  a  sensory  organ,  and  Perception,  the    combined   result 
of  sensory  and  cerebral  reactions;    or  than  that  between 
Contractility,  the   property  of  the   muscles,    and    Flying, 
the  function  of  a  particular  group  of  muscles.     It  is  not 
possible  to   have    Consciousness   without   Sensibility;  but 
perfectly  possible  to  have   Sensations  without  Conscious- 
ness.   This  will  perhaps  seem  as  inconceivable  to  the  reader 
as  it  seemed  to  Schroder  van  der  Kolk.* 

75.  Let  us  illustrate  it  by  the  analogy  of  Pain.  There  is 
a  vast  amount  of  sensation  normally  excited  which  is  totally 
unaccompanied  by  the  feelings  classed  as  painfuL  The 
action  of  the  special  senses  may  be  exaggerated  to  an  intoler- 
able degree,  but  the  exaggeration  never  passes  into  pain :  the 
retina  may  be  blinded  with  excess  of  light,  and  the  ear 
stunned  with  sound — the  optic  nerve  may  be  pricked  or  cut- 
but  no  pain  results.  The  systemic  sensations  also  are  habitu- 
ally painless,  though  they  pass  into  pain  in  abnormal  states. 
Clearly,  then.  Pain  is  not  the  necessary  consequence  of  Sensi- 
bility ;  and  this  is  true  not  only  of  certain  sensitive  parts,  but 

♦ "  An  unconscious  sensation,  which  Lewes  distinguishes  from 
perception,  is  to  Die  an  inconceivable  (ist  fur  niich  ein  Unding)." 
—Schroder  van  der  Kolk  :  Die  Pathologie  des  Geistes-KrankheiUn^ 
p.  22. 
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till! ;  AS  ifl  proved  m  the  well-known  I'lK'ts  of  Analgesia,  in 
•liiji  coinplet«  insensibility  of  tlie  skin  as  regards  Pain 
oi-nists  with  vivid  sensibility  as  reganls  Touch  and  Tem- 
jentnre.  Hviicc  the  majority  of  jihysiologista  refuse  to 
rkamrledge  that  the  struf^les  and  cries  of  an  animal,  after 
nwiin]  of  the  brain,  are  evidences  of  pain  ;  maintaining  that 
iWy  ire  "simply  reflex  actions."  Tliia  is  probable;  the 
Mtt  n  na  wo  know  the  struggles  and  cries  which  tickling 
vfllpmluoc.  yet  no  piiin  accompanies  tickling.  But  if  the 
Mni^Ies  and  erica  are  not  evidence  of  pain,  tliey  are  surely 
tnhnee  of  Sensibility. 
f  78,  Kow  for  the  term  Pain  in  the  foregoing  paragraph 
ii«tilata  the  term  Consciousness,  and  you  will  perhaps 
llinr  ihat  while  it  may  be  justifiable  to  interpret  the 
tkiiubf  a  brainless  animal  as  due  to  a  mechanism  which 
it  noaojnmpanied  by  the  speeitdl;/  cmtditiotttd  forvu  nf 
^*OHbaity  claased  under  Consciousness  —  just  as  it  is 
nucenai ponied  by  tho  specially  conditioned  forms  of  Per- 
•pptiMi  and  Emotion — tlicro  is  no  juatification  for  assuming 
liw  mechanism  not  to  have  been  a  sensilive  mechanism.  The 
vtii»liss  !>ird  cannot  manifest  any  of  the  phenomena  of 
fii^i ;  l>ul  we  do  not  therefore  deny  that  ita  other  move- 
iKutt  ilt'}>cnd  on  Contractility. 

77.  ['illicult  as    it   must   be  to  keep  the    physiological 

I  ijlioii  iip.irt  fn>m  the  psychological  when  treating  of  Sensi- 

' '':'};  ytn  ihall  never  succeed  in  our  analysis  unless  the  two 

;itii»iia  arc  separately  treated.     The  physiologist  considers 

:4niam9  and  their  actions  from  their  objective  side,  and 

'jn  to  detect  tlio  mechanism  of  the  observed  phenomena. 

lucm  hv  has  to  interpret  in  terms  of  Matlor  And  Motion. 

Tim  ptychiilngi.st  int<;rprfi3  tliem  in  terms  of  Feeling.    The 

•dtoBB  which  we  xe  in  others  we  cannot  feci,  except  as  visual 

•SMioiis;  the  changes  which  we  feel  iu  ourselves  we  can- 

Bi*  «»  in  others,  except  as  bwllly  movcni<^nts.     The  reaction 

•f  A  Bentof7  oi^an  is  by  the  physiologist  called  a  sensation, — 

konowin];  the  lorm  from  the  pHycliologist ;  ho  explains  it 

>■  4ii«  to  the  stimulus  which  changes  the  molecular  condi- 

Imof  the  organ;  and  this  changed  condition,  besides  bcin]* 
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seen  to  be  followed  by  a  moflcular  movement,  is  infmd    1*^^^' 
to  be  accompanied  by  a  cbange  of  Feeling.    The  psychologic 
has  direct  knowledge  only  of  the  change  of  Feeling  which 
follows  on  some  other  change ;  he  infers  that  it  is  originated 
by  the  action  of  some  external  cause,  and  infers  tiliil  i 
neural  process  precedes,  or  accompanies,  the  feeling.    Obvi- 
ously there  are  two  distinct  questions  here,  involving  distinct     ^'-^ 
methods.    The  physiologist  is  compelled  to  comi^ete  his 
objective  observations  by  subjective  suggestions ;  compeUed 
to  add  Feeling  to  the  terms  of  Matter  and  Motion,  in  spite 
of  the  radical  diversity  of  their  aspects.     The  psychologist 
also  is  compelled  to  complete  his  subjective  observations  by 
objective  interpretations,  linking  the  internal  changes  to  thd      m  ^t 
external  changes.    A  complete  theory  must  harmonise  the 
two  procedures. 

78.  In  a  subsequent  Problem  we  shall  have  to  examine  the 
nature  of  Sensation  in  its  psychological  aspect ;  here  we  have       *^ 
first  to  describe  its  physiological  aspect.    To  the  psychologist, 
a  sensation  is  simply  a  fact  of  Consciousness ;  he  has  nothing 
whatever  to  do  with  the  neural  process,  which  the  physiolo- 
gist considers  to  be  the  physical  basis  of  this  fact ;  and 
therefore  regards  the  physiologists  as  talking  nonsense  whe 
they  talk  of  "  unconscious  sensations,"  the  phrase  being  to  hi 
equivalent  to  "unfelt  feelings,"  or  "invisible  light."     It  i=^ 
quite  otherwise  with  the  physiologist,  who  viewing  a  sensatio*^- 
solely  as  a  neural  process,  the  reaction  of  a  sensory  orga"*=*  * 
can  lawfully  speak  of  unconscious  sensations,  as  the  ph3^^ 
sicist  call  speak  of  invisible  rays  of  light, — meaning  tho^^^ 
rays  which  are  of  a  different  order  of  undulation  from  t*^"*  ^ 
visible  rays,  and  which  may  become  visible  when  the 
ceptibility  of  the  retina  is  exalted.     He  knows  that  there 
different  modes,  and  different  complexities  of  neural 
to  one  class  he  assigns  consciousness,  to  the  other  unco 
sciousness.     If  he  would  be  severely  precise,  he  would  ne^^^'' 
speak  of  sensation  at  all,  but  only  of  sensory  re-action.     S'tx* 
such  precision  would  be  pedantic  and  idle.     He  wants  t^T^^ 
conotatians  of  the  term  sensation,  and  therefore  uses  it 

79.  The  functional  activity  of  a  gland  is  stimulated  by   ^ 
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1  reflected  from  a  centre ;  by  a  similar  process 
I  eaWeA  into  action.  No  one  supposes  that  tlie 
'  aiBn]  process  ia  in  the  one  case  secretory,  in  the  oUier  motory : 
a  both  it  ia  the  Bamc  process  in  the  nerve ;  and  our  invcsti- 
gaion  of  it  would  be  greatly  hampered  if  we  did  not  disengage 
it  from  all  the  suggestions  hovering  around  the  ideas  of  secre- 
tion utd  muscnlnr  action.  In  like  manner  we  must  discngngL' 
ltd  nemwl  ptocpss  of  a  Sfiisory  reaction  from  all  the  sugges- 
liiM  hovering  around  the  idea  of  Consciousness,  ivheu  that 
itna  tlvsigiuites  a  complex  of  many  reactions.  In  Problem  III. 
tr-  diall  enter  more  particularly  into  the  distinction  between 
SrnsbiUty  and  Consciousness;  for  the  present  it  must  suffice  to 
■K  that  great  ambiguity  exists  in  the  current  usage  of  thestt 
unu.  Somctimea  Consciousness  stands  as  the  cqnivalent 
ft  SenilHlity ;  sometimes  as  a  particular  mode  of  Sensibility 
bovn  u  Beflectiim,  Attention,  and  Tliouglit.  The  foimer 
MntRg  in  an  extension  of  the  term  similar  to  that  given 
In  ik  wonl  Kose,  which  originally  meaning  Red  came  to  be 
MlrictMl  to  a  jMirticular  red  flower;  and  after  other  flowers 
'  ttui  samo  kind  were  discovered  which  had  yellow  and  white 
i-ilalt,  itutfai.1  of  red,  the  term  roso  still  adhered  even  to 
■.l:«t  "Veilow  Rose"  is  therefore  as  great  a  verbal  solecism  as 
^DcODiidnas  M'u'iatJon.  AVe  have  separated  the  redness  from 
Uic  n«e,and  can  then  aay  that  the  colour  is  one  thing,  the  flower 
uittiax.  By  a  Eimilar  process  of  abstraction  we  separate 
'-Mitcioasncn  from  Sensation,  and  wc  can  then  say  that  there 
in  Knsatiims  without  consciousness.  In  consequence  of 
t«n,  laycboki^'iats  often  maintain  thut  to  have  a  sensation 
u>d  be  coQKioua  of  it  aro  two  diflerent  states.  We  are  said 
Ui  Uar  a  aoDod,  sod  yet  not  to  be  conscious  of  h^ariDg  it. 
TW  MMud  excites  a  movement,  but  it  docs  not  excite  our 
o4icioUDG«fl.  Now  altliough  it  is  tnic  that  there  are  rosea 
Tinchara  Dot  red.  it  is  not  tnie  that  tliere  arc  msus  which 
ta*«  no  colour  at  ail.  Although  it  is  tnie  that  there  an? 
'"Datwos  which  are  not  of  the  particular  mode  of  Sensibility 
•iiich  pBj-chologists  iipecially  designate  as  Consciousness,  it  i« 
£ct  tnu)  tbat  thero  are  sensations  which  are  not  modes  of 
iwonbilily. 
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80.  And  what  is  Sensibility  which,  on  its  subjective  side, 
is  Sentience  ?  In  one  sense  it  may  be  answered  that  we  do 
not  know.  In  another  sense  it  is  that  which  we  know  most 
clearly  and  positively :  Sentience  forms  the  substance  of 
all  knowledge.  Being  the  ultimate  of  knowledge,  every  effort 
must  be  vain  which  attempts  to  explain  it  by  reduction  to 
simpler  elements.  The  human  mind,  impatient  of  ultimates, 
is  always  striving  to  pierce  beyond  the  fundamental  mys- 
teries; and  this  impatience  leads  to  the  attempts  so  often 
made  to  explain  Sensibility  by  reducing  it  to  terms  of  Matter 
and  Motion.  But  inasmuch  as  a  clear  analysis  of  Matter  and 
Motion  displays  that  our  knowledge  of  these  is  simply  a 
knowledge  of  modes  of  Feeling,  the  reduction  of  Sentience  or 
Sensibility  to  Matter  and  Motion  is  simply  the  reduction  of 
Sensibility  to  some  of  its  modes.  This  point  gained,  a  clear 
conception  of  the  advantages  of  introducing  the  ideas  of 
Matter  and  Motion  will  result.  It  will  then  be  the  familiar 
and  indispensable  method  of  explaining  the  little  known  by 
the  better  known.  Tlie  objective  aspect  of  things  is  com- 
monly represented  in  the  visible  and  palpable  ;  because  what 
we  can  see  we  can  also  generally  touch,  and  what  we  can 
touch  we  can  taste  and  smell ;  but  we  cannot  touch  an  odour 
nor  a  sound ;  we  cannot  see  them ;  we  can  only  connect  the 
odorous  and  sonorous  objects  with  visible  or  palpable  condi- 
tions. Everywhere  we  find  sensations  referred  to  visible  or 
palpable  causes ;  and  hence  the  desire  to  find  this  objective 
basis  for  every  change  in  Sensibility.  The  sensation,  or  state 
of  consciousness,  is  the  ultimate  fact ;  we  can  only  explain  it 
by  describing  its  objective  conditions. 

81.  Thus  much  on  the  philosophical  side.  Returning  to 
our  physiological  point,  we  must  say  that  a  sensation  is 
objectively,  the  reaction  of  a  sensory  organ,  or  organism; 
subjectively,  a  change  of  feeling.  Objectively  it  is  a  pheno- 
menon of  movement,  but  distinguishable  from  other  pheno- 
mena by  the  speciality  of  its  conditions.  It  is  a  vital 
phenomenon,  not  a  purely  mechanical  phenomenon.  Although 
the  molecular  movement  conforms,  of  course,  to  mechanical 
principles,  and  may  be  viewed  abstractly  as  a  purely  mechan- 
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I  tl  malt,  yet,  becauae  it  takos  place  under  i-ondilions  never 
tind  in  tnncliuies, it  has  cimracters wliicli  ntaikedly  scporatu 
:i  frwD  tlic  movements  of  macbiues.  Among  these  differeii- 
■  1!  chsract«T3  may  be  citi^d  that  of  aeUclite  adaplaltoti,' 
•  l<\ch  is  most  conspicuous  in  volition. 

82.  In  the  early  sta^jes  of  animal  evolution  there  la  no 
litrrrcntintion  lolo  musclo  and  nerve.  The  whole  organism 
-  n|unlly  Sensitive  (or  irritable)  in   every  part.     Muscles 

l-'^^r,  Aiid  then  they  are  the  most  sensitive  parts.  Nerves 
■  ,i  .iiid  the  seat  of  Sensibility  has  been  transferred  to 

I  m;  iinL  that  the  muscles  have  lost  theirs,  but  their  irri- 
v-l'ility  is  now  represented  by  their  dominant  character  of 
'  (Otrartilily,  and  tlie  nerves  have  taken  on  the  special  office 
cf  Scnsibilily.  That  is  to  sny,  while  both  muscle  and  nerve 
f jrm  int<"^tal  ek-ments  of  the  sensitive  reliction,  the  process 
itwlf  it  analytically  conceived  as  a  combination  of  two  dia- 
uart  properties,  resident  in  two  distinct  tissues. 

83-  f'iirrying  further  this  analytical  arlifico,  1  projiose  to 
'lminj;iiish  the  central  organs  as  the  seat  of  Sensibility,  con- 


'  Pr  Klcciive  ailapliiitun  i*  nttjint  tin.'  vflryiii-;  conibiuution  of  motor 
-tj'alin  lu  lutt  tlie  varying  rcquircnientu  of  the  elTect  to  be  produced. 
i'iiiKii-il  iii«cli&ni(in*  are  tiiuited  to  the  perfonnitiice  of  dEBnile  action*  ; 
>'uiLit  mKlianUnia  employ  Uuvtuatiiig  cuiubinfttiotu  of  ekmeut*  in 
r-'t-tiK  lo  fiaelnatiunB  of  tlinuili.  Tlie  wbeela,  Iev«r«,  tpiings,  tad 
'liioxf  A  machine  cannot  be  iHScrcntly  combined  accorilinglo  varying; 
iip***  of  i1m)  moUir-foree,  *»  the  nerve*  and  muscles  of  an  organifni 
•<■  iUbnnUj  canil/in«l  by  var^in^'  lenutioiia.  An  antomaton  way  bu 
'':wtn£l«l  to  play  on  the  violin  ;  but  it  will  only  play  the  air  to  which 
1^  1*  Ml;  it  unnoi  vikry  ilia  jierfuruiance  :  caiinut  play  a  falte  note,  or 
<liw  ta  a  trticfndo  here,  a  titr<jo  there,  according  to  a  caprice  of  foel- 
»l  yte  niut  ailniit  that  a  violiniHl  hna  his  delicate  and  chang^lni; 
MvMtala  Bnidcd  Iiy  MniMilioni,  auditory  and  niuMuUr ;  any  inter- 
nf^im  ta  Um  (eoMtion*  would  arrut  the  movement*,  wliivh  in  truth 
•■TWatt  Umu.  And  yel  it  ia  well  known  thai  the  violinist  may  pvr- 
^  whllaoompietclT  "  ttDconsrinu*."  I  do  not  gimply  rvfer  to  the 
Im  Hut  k!«  thoaght*  ami  alti-ntion  niiy  be  elMiwhere  ;  1  refer  to  nicli 
IMi  m  we  reconled  in  Pulholoj^y.  Tboubskiv.  for  example,  bad  an 
^dffdc  patirnt  who  wa*  occoiionally  acixed  with  ntlacka  of  complete 
BnaK>ousn*i«  while  be  wa*  performin;;  in  tlie  ori'hvitlni  ;  yet  on  n- 
■■ikteiftK  ^  conKioumeaB,  Le  found  that  he  had  coDtinucd  to  pUy. 
U  kept  pniprr  limr,  and  pUyrd  the  proper  noire. 
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fining  Neurility  to  the  peripheral  nerves.     In  physiologk^al 
reality  both  systems,  central  and  peripheral,  are  one;  the 
separation  is  artificial    Strictly  speaking,  therefore,  Neu- 
rility—or   nerve-action — is  the  general  property  of  nerro 
tissue,  central  and  peripheral.    But  since  Keurility  may  be 
manifested  by  nerves  apart  from  centres,  whereas  Sensibilitf 
demands  the  co-operation  of  both,  and  since  we  have  often 
to  consider  the  central  process  in  itself,  without  attending  to 
the  process  in  the  nerves,  it  is  well  to  have  two  characteristic 
terms.    I  shall  therefore  always  use  the  term  Sensibility  for 
the  reactions  of  the  nervous  centres — Sentience  being  its 
psychological  equivalent;   although  the  reader  will  under- 
stand that  in  point  of  fact  there  is  no  break,  nor  transforma- 
tion, as  the  wave  of  change  passes  from  sensory  nerve  to 
centre,  and  from  centre  to  motor  nerve :  there  is  one  contin- 
uous process  of  change.     But  just  as  we  analytically  distin- 
guish the  sensory  from  the  motor  element  of  this  indissoluble 
process,  so  we  may  distinguish  the  ingoing  and  outgoing 
stages  from  the  cmnhiniv^  stage.     Sensibility,  then,  represents 
the  property  of  combining  and  grouping  stimulations. 

84.  Fully  aware  of  the  misleading  conotations  of  the 
term,  and  of  the  diJB&culty  which  will  be  felt  in  disengaging 
it  from  these,  especially  in  reference  to  Consciousness,  I  have 
long  hesitated  before  adopting  it.  But  the  advantages  greatly 
outweigh  the  disadvantages.  Sensibility  has  long  been  ad- 
mitted to  express  the  peculiar  modes  of  reaction  in  plants  and 
animals  low  down  in  the  scale.  No  one  hesitates  to  speak  of 
a  sensitive  plant,  or  a  sensitive  surface.  Tlie  tentacles  of  a 
polype  are  said  to  be  sensitive;  though  probably  no  one 
thereby  means  that  the  polype  has  what  psychologists  mean 
by  Consciousness.  By  employing  the  general  term  Sensibility 
to  designate  the  whole  range  of  reactions  peculiar  to  the 
nerve-centres,  when  these  special  organs  exist,  it  wiH  be 
possible  to  interpret  all  the  physiological  and  psychological 
phenomena  observed  in  animals  and  men  on  one  uniform 
method.  The  observed  variations  will  then  be  referable  to 
varieties  in  organisms. 

85.  Suppose,  for  illustration,  an  organism  like  the  human 
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I  mmfL  that  it  is  wlioUjr  deficient  in  Sight,  Hearin;;,  Ti 
El  It  hu  no  Bciue  but  Touch— kjf  the  geaersl 
voGfltact  u-iili  external  objects.  It  will  move  on  being 
1,  Mill  will  combine  ita  itiovenienta  Utiierently  uoilor 
i  stimnlationa,  It  will  feel,  and  logically  cuiubiue  its 
But  ita  mass  of  feeling  will  be  made  of  lar  sioipler 
I  than  oiufi ;  it£  combinations  fewer;  and  the  con- 
I  ntiflf  its  CoDsciousneas  so  very  different  ham  ours  that  we 
n  BiwUa  to  conuiive  whnt  it  will  be  liice  ;  we  can  only  !« 
t  it  will  ntit  be  very  like  our  own.  This  truncated 
B  vtll  iiavQ  its  Sensibility ;  and  we  must  aaRign  tbia 
ptfBrt^  to  ita  central  nerve-tissue,  as  we  ueif^u  our  own.  If 
tow  wt  descend  lower,  nud  suppose  an  orgnnism  with  no 
■  vhataver,  but  which  ne^ortliuleBs  displays  ''vidence  tif 
iMtiibility — fccliD;:s  and  combinations  of  movemeuti — we 
It  conclude  Uiat  the  property  epecialised  in  a  parti- 
)  of  liia  bighly  dilferentiatad  organlam,  is  here 
d  tkrooghout. 
It  isobvions  that  the  aensatioos  or  feelings  of  the»e  supposetl 
(  will  liuvc  «  common  charactiir  with  the  Heeling 
I  tuglUy  dilTeruiitiated  orgaaicme.  although  the  modes 
t  BuifMtatinn  aie  so  vaiious.  If  ve  recognisa  a  canuunn 
T  in  rauHcuhtr  movements  so  varioua  as  the  rhythmic 
pokuioo  of  the  heart,  the  larger  rhythm  of  inspiration  and 
I,  tile  restless  movenmnta  of  the  eye  and  tongue,  the 
■  of  mauipulatiun,  the  consensus  of  movements  in 
lifiag,  ■vimmiiig,  walking,  speaking,  aingiiig,  &c..  so  uiay  wo 
■KtfiiiM  a  common  chamcter  in  aU  the  varieties  of  sensation. 
^  ifiecial  character  of  a  movement  depends  on  the  looving 
•xaa.  The  special  character  of  a  sensation  depends  on  the  sen- 
war  oigBQ.  Contrmctility  is  the  abstract  term  wbidi  expri»ee« 
«ll  pnrible  varieties  of  contraction.  Scnsibilily — or  Scutieneu 
— ii  Ibe  abatract  tana  wliicli  expresses  uU  poesible  variatiea 
Sanation. 

88.  Tbo  view  here  propounded  may  find  a  more  ready  ac- 
nptancv  when  iln  apphcation  to  all  pbysialogictd  (juestions  haa 
i,  and  it  is  aeen  to  give  coherence  to  many  scattered 
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and  liitherto  irreconcilable  facts.     Meanwhile  let  ft  glance 
taken  at  the  inconsistencies  of  the  current  doctrine.  .  Thox 
doctrine  declares  one-half  of  the  grey  substance  of  the  spii^sil 
cord  to  be  capable  only  of  receiving  a  sensitive  stimulation^ 
the  other  half  capable  only  of  originating  a  motor  stimulation. 
We  might  with  equal  propriety  declare  that  one-half  oT  a 
muscle  is  capable  only  of  receiving  a  contractile  stimulatioii, 
and  the  other  half  of  contracting.    The  ingoing  ne^ve,  passing 
from  the  surface  to  the  posterior  part  of  the  spinal  cord,  ex- 
cites the  activity  of  the  grey  substance  into  which  it  pene* 
trates ;  with  the  anterior  part  of  this  grey  substance  an  oufc^ 
going  nerve  is  connected,  and  through  it  the  excitation  is 
propagated  to  a  muscle  :  contraction  results.     Such  are  the 
facts.     In  our  analysis  we  separate  the  sensory  from  tlie 
motor  aspect,  and  we  then  imagine  that  this  ideal  distuic^ 
tion  represents  a  real  separation.   We  suppose  a  phenomenon 
of  Sensibility  independent  of  a  phenomenon  of  Contractility— 
suppose  the  one  to  be  "  transformed  "  into  the  other — and  we 
then  marvel  ''how  during  this  passage  the  excitation  changes 
its  nature."  * 

87.  Before  exerting  ingenuity  in  explaining  a  fact>  it  is 
always  well  to  make  sure  that  the  fact  itself  is  correctly  stated 
Does  the  neural  excitation  change  its  nature  in  passing  froi^ 
the  posterior  to  the  anterior  grey  substance  ?     I  can  see  no 
evidence  of  it.     Indeed  the  statement  seems  to  confound  a 
neural  process  with  a  muscular  process.     The  neural  process 
is  one  continuous  excitation  along  the  whole  line  of  ingoing 
nerve,  centre,  and  outgoing  nerve,  which  nowliere  ceases  or 
changes  into  another  process,  until  the  excitation  of  th« 
muscle  introduces  a  new  factor.    So  long  as  the  excitation 
keeps  within  the  nerve-tissue,  it  is  one  and  the  same  process 
of  change ;  its  issue  in  a  contraction,  a  secretion,  or  a  chaag*' 
in  the  conditions  of  consciousness,  depends  on  the  organs   J' 
stimulates. 

88.  I  have  already  called  attention  to  the  artificial  nature 

*  Claude  Bernard  :  SysUme  Kerveux,  1858,  i.  349. 
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mction  of  Ciintml   and    Peripheral   systems  13  not 

tomical,  it  lias  a  physiological  justification  in  tliis, 

t-Centrnl  System  is  the  organ  of  connexion.     Any  one 

^ut  of  it  directly  excited  by  an  ingoing  nerve  propagates 

iliU  excitation  throughout  the  whole  central  mass,  and  thus 

iffecta  every  part  of  the   organism.      Tliercfoi-c   we   place 

^jwil-ility  in  il. 

Bot  this  guueml  Property  subserves  various  Functions, 
iovnling  OS  the  Cenlrul  System  is  variously  related  to 
diDctviit  ofgans.  This  fact  has  given  rise  to  the  iilea  that 
di&rent  jtortions  of  the  cerebro -spinal  axis  Lave  different 
properties — which  is  a  serious  error.  What  is  certain  is  that 
tl«  tovbrum  must  have  a  different  function  from  that  of  the 
TUkmi,  and  the  Cerebellum  one  different  from  the  Medulla 
OLiliw^la ;  while  that  of  the  Medulla  Spinalis  is  different 
WialL  Preci-tely  on  the  same  grounds  that  a  muscle-nerve 
ka  X  dilTerent  office  from  a  skin-nerve,  or  the  pneumogastric 
(ram  the  acoustic  liut  all  nerves  have  one  Neuiility  in 
comiaim ;  all  centres  have  one  Sensibility  in  common. 

*  WuBDawoHTii  :  The  PreUdK 
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CHAPTER  V. 

ICTIOIf  WITHOUT  NERVE-CENTRES. 

89.  It  has  long  been  one  of  the  unquestioned  postulates 
of  Physiology  that  no  nerve-action  can  take  place  without  the 
intervention  of  a  centre ;  and  as  a  corollary,  that  all  move- 
ment has  its  impulse — reflex  or  volitional — from  a  centra* 
The  postulate  rests  on  the  assumption  that  nerves  derive 
their  "  force  "  from  their  centre.  This  assumption  vre  have 
seen  to  he  erroneous.  Yet,  in  consequence  of  its  acceptance, 
experimenters  have  failed  to  notice  the  many  examples  of 
nerve-action  independent  of  centres.  Indeed,  except  Schiff, 
Goltz,  and  Engelmann,  I  can  name  no  one  who  has  ventured 
to  suggest  that  movements  may  be  excited  through  nerves 
without  the  co-operation  of  centres ;  f  nor  have  even  they 
explicitly  formulated  the  conclusion  to  which  their  obsen'a- 
tions  point. 

It  is  true  tliat  the  majority  of  muscular  movements  are 
determined  by  a  reflex  from  centres ;  and  that  any  break 
in  the  triple  process  of  the  in-going  nerv€,  centre,  and  out- 
going nerve,  prevents  sucli  movements.  It  is  true  that  the 
more  conspicuous  and  harmoniously  co-ordinated  phenomena 

*  "  On  pent  dire  que  toujours  un  phdnomene  de  mouvement  pecon- 
nait  pour  point  ded6part  une  impression  sensitive." — Claude  Berxabd: 
i.  267. 

t  Since  this  was  written  Prof.  Michael  Foster  and  Mr.  Dkw 
Smith  have  published  their  very  important  researches  on  the  motions 
of  the  heart,  which  establish  beyond  a  doubt  that,  in  the  molluscs  at 
least,  there  is  no  co-operation  of  either  centre  or  nerve. — Prooudingtof 
the  Royal  Society,  i8th  March  1875.  (S«e  also  Stiuliesfrom  the  Phjftio- 
logical  Laboratory  of  Cambridge,  Part  II.,  1876.)  Mr.  Foster  knows  that 
I  had  independently,  and  from  a  totally  different  line  of  research,  arrived 
at  the  same  conclusion  respecting  the  hearths  movement 
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o  (his  cIkss,     But  it  is  also  demonstrable  Lliat  many 

ns  may.  and  some  do,  take  pUce  by  direct  stimula- 

n  of  Um  nervi),  or  direct  etimulatioii  of  the  muscle,  without 

be  inttrventioQ  of  a  centre,  without  even  the  intervention  of 

i^ion.      This  must  obviously  be  the  case  in  animala 

h  hare  do  centres ;  and  even  iu  snmo  which  liavo  well- 

kfpti  nervous  centres,  there  is  every  reason  to  believe 

Alt  Umw  centres  often  act  rather  in  the  way  of  co-ordinating 

ikn  af  directly  stimulating  actions. 

OOl  I  was  first  led  to  doubt  the  reijniii'g  doctrine  by  a, 
POfnia^  obaervatitm  (frequently  repeated)  after  I  had 
nmoved  the  whole  nervous  centres  from  a  garden  snail 
iHda fomatia).  The  muscular  mass  colled  "the  foot"  was 
ibmn  inlo  slow  bnt  energetic  contraction  whenever  the  skin 
*tc pricked  with  the  point  of  a  scalpel,  or  touched  with  acid; 
uj,  even  when  a  glass  ro<l  dipped  in  the  acid  was  brought 
ekte  to,  without  absolutely  lunching,  the  skin,  the  foot  curled 
a|-,uul  thcu  sliiwly  relaxed.  Tlie  same  elfoct  was  protluced 
!■  the  "  maolle  " — where  there  was  of  course  no  centre. 
Indirect  irritation  of  the  muscles  under  the  akin  produced 
M  mcli  contraction ;  only  through  the  skin  could  the  stimuU- 
Uio  take  eSiK't.  In  one  case  I  observed  this  strange  pheno- 
Buuin  fir*  hour*  afUT  removal  of  the  centres.  It  was  a  great 
I<uule.  At  fir»t  I  concluded  that  there  must  be  minute 
CU^ia  in  ttie  skin,  seizing  as  reflex-centres.  I  scarclied  fur 
ttKm  in  vain ;  and  although  a  longer  search  on  hotter 
■Mtiodi  might  posnbli/  hnvo  detected  gnnglionic  cells,  1 
"•»  relinquished  the  search,  because  I  had  other  grounds  for 
ttjieving  that  oven  the  presence  of  abundant  ganglia  would 
xA  ■oJ&M,  nntil  some  letter  proof  ware  afforded  that  such 
pa;^  vera  nflcx-oentr^s. 

9L  That  direct  stimulation  of  the  nerve  suffices  to  move 
^  Buadea,  is  familiar  to  all  expcrimenteis.  There  is  no 
"Vn,  or  jpmglion,  iu  the  amputnleil  leg  of  tlie  frog,  which 
^wrthdflH  ooiitracU  whenever  tite  sciatic  nerve  is  stinin- 
'■d  And  after  the  nerve  has  been  exhausted,  and  refuses 
1°  nspood  to  any  stimulus,  the  muscle  itself  may  be  directly 
Inasmuch  as  the  movement  depends  on  the  con- 


204  THE   PHYSICAL   BASIS   0^  MIN*D. 

tractility  of  the  muscles,  a  stimulation  through  centre,  througti 
motor-nerve,  or  through  muscle,  will  be  followed  by  contract 
tion.     Let  us  take  a  clear  case  of  reflex  action.     The  pupil  of 
the  eye  contracts  when  a  beam  of  light  falls  on  it,  and  dilates 
when  the  beam  is  shut  off.     The  path  of  the  neural  process  ia 
normally  this :  the  light  stimulates  the  optic  nerve,  which  in 
turn  stimulates  the  corpora  quadrigemina ;  (here  the  ner?es 
which  move  the  eye  are  experimentally  proved  to  be  stimu- 
lated;) and  it  is  through  these  that  the  pupil  is  caused  to 
contract.     If  the  optic  nerve  be  divided,  no  such  reflex  takes 
place — proving  that  the  contraction  does  not,  at  least  nor- 
mally, come  from  the  ciliary  ganglion. 

But  now  it  is  matter  of  observation  that  the  pupil  will  con- 
tract and  dilate  under  the  stimuli   of  light  and  darkness, 
when  there  is  no  such  reflex  pathway  open.     Removal  of  the 
eye  from  the  body  obliterates  this  path,  cuts  the  eye  off  fiom 
all  connection  with  the  centre.     Brown  Sequard  removed  both 
eyes  from  a  frog,  placed  one  in  a  dark  box,  and  left  the  other 
exposed  to  the  light :  the  pupil  of  the  former  was  found  di- 
lated, that  of  the  latter  contracted.     On  reversing  the  experi- 
ment, and  placing  the  eye  with  contracted  pupil  in  the  dark 
box,  he  found  it  there  dilate,  while  the  dilated  pupil  exposed 
to  the  light  contracted  *     In  frogs  with  very  irritable  tissues, 

•  Comjttti  Rendm  de  la  Socieie  de  Biologie,  1847,  i.  40.     In  1856  b6 
showed  that  not  only  were  tlie  muscles  of  the  iris  directly  stimulated  by 
light  (and  this  not  by  its  calorific  or  chemical  rays),  but  that  sixte^'^ 
days  after  removal  of  the  eye  from  the  orbit,  this  efTect  was  observa^^* 
in  the  eel.     Yet  a  very  few  days  after  extirpation  of  the  eye  the  nervts* 
are  disintegrated. — Proceedings  of  the  Royal  Society,  1856,  p.  234. 

DoNDERS  has  the  following  observations  : — "  The  movements  of  ^*** 
iris  are  of  two  kinds — reflex  and  voluntary.     Reflex  action  is  exhibi^^*^ 
as  constriction  of  the  pupil  in  consequence  of  the  stimulus  of  inciiJ-^** 
light  upon  the  retina.     Fontana  has  shown  that  the  light  falling  upon  *'*'® 
iris  produces  no  remarkable  contraction.     We  have  confirmed  this  re^*^^ 
by  causing  the  image  of  a  small  distant  light  to  fall,  by  means  of  a  oo*' 
vex  lens,  upon  the  iris,  whereby,  during  slight  perception  of  light,  a  do**^*^ 
ful  contraction  occurred,  which  gave  way  to  a  strong  contraction  so  s<^^^ 
as  the  light  entering  the  pupil  excited  a  vivid  perception.     Neverthe^^^^ 
the  experiments  of  Harless  and  Budge  have  shown  that  even  after  de^^'^*'' 
so  long  as  irritability  remains,  the  pupil  still  contracts  upon  the   c^"* 
tinned  action  of  light.    Of  the  correctness  of  this  we  have  satisfied  o^^^ 
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I  hilt  rcmtiil  nol  only  the  pupil  contracting,  after  the  wljole 
iTuUI  cavity  has  been  emptied,  but  even  the  eyeliil  close,  on 
OTiudi^  the  conjtiiictiva* — yet  this  is  one  of  the  typical 
Ttdri  Ktioits !  I  am  disposed  to  think  thnt  even  the  action 
*/  twallowiag  may  be  faintly  excited  by  stimulation  of  the 
1  !«ynx  of  b  brainier  frog ;  but  I  have  not  observations  suffi- 
■•rtilly  (vTvcise  lo  enable  me  to  speak  confidently,     Goltz  has, 

""-v  r,  shown  that  after  removal  of  brain  and  spinal  cord  and 

--1.  ihrTK  is  npnnUineous  and  active  movement  in  cesopha- 
.".  i[;.l  stomach.t    This  will  no  doubt  be  referred  to  the  agency 

"  I"  LMn^lionic  plexus;  but  similar  movements  have  been 
I  T-.-i  Iry  Engelmannin  theiireter,  and  in  isolated  fragments 
' '  '>'.'■■  iir.'ttT  in  which  not  a  ganglionic  cell  was  present.^ 

92.  Hiat  ncrv'es  are  stimulated  by  internal  changes  has 
l"iig  lieei)  recognised  with  reference  to  "  subjective  sensa- 
ihiM."  The  divirleil  nerve,  in  tliat  portion  which  remains 
ri'nnecled  with  the  centre,  will  at  times  cause  great  pain. 
'  'i-yiiro  organic  conditions,  changes  of  temperature,  states  of 
(lif  llood,  excite  the  nerves,  and  the  patient  feels  as  if  the 
Faif««  of  Uie  nniputated  limb  were  irritated.  It  is  all  very 
»|pfl  In  call  these '•  subjective  sensntions ; "  that  does  not 
ilt^r  the  fact  of  the  nerve  l»eing  called  into  activity  by  other 
ilan  ihe  normal  stimuli  from  the  surface ;  in  like  manner 
rauvriibr  movements  (which  are  not  to  he  explained  us. 
*  !ut.jiiclivi-  niovenienta  ")  will  be  excited  by  organic  stimuli 

"ii"  ID  a  ilrr-  killed  liy  low  of  liliio-l  the  one  eye  was  closed,  tliB 
■  W  rpeard  and  lameA  to  tlie  light  :  iifler  tin?  hym  of  nn  hour,  the 
•■:]C  if  ibc  op«neil  ty  wiu  p«Tc«iilibly  smallur  thnn  thnt  ot  tlie  closed 
T^-  Tbc  laUKi  now  rcnioincd  nlio  eip<ne<]  ta  tlio  li;,'hl,  and  on  the 
"•Uiwinn  <Uj  tha  diomrUir  of  bolli  eye*  wiw  oiiunl.  The  upper  jaw, 
■^  «ilii  the  eye*,  wx  ukcn  out  of  mine  fn>i^ ;  one  e^e  wiu  exposed 
■■"  tke  Bj-tt,  while  the  other  wru  covered  with  a  dosely-foldcil  piece  of 
''nkjnjitr;  eficTlhclapwof  half  an  hour  llii"  pupil  tumwl  In  the  light 
*«Hnov,l]i«  oilier  wide.  Cut  the  laitiir  aUac»ntriicte<l  almoBl  im- 
"^ialdf  knerUten-moval  of  the  paper. "—DoxuEiis  :  On  tlit  Anomalut 
•f  AaammmdoMn  attd  Rf/Toctiot  of  tht  Eyu  Tr.tiii,  of  ihc  New  Syden- 
lui  Society,  p.  5?». 

*  TVeiperiment  ofi«n  failt,  bnt  I  bivc  seen  it  several  tiniH  lucceed. 

t  PfOfr't  Ani.ir.t  187J.  p.  618. 

:  SmU*  BcMUvlin  III  PfiHgrt'i  Ardiie.  IMt.  ii. 
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when  motor  nerves  are  separated  from  their  centres.  la 
each  case  it  has  sufficed  that  the  nerve  should  be  excited; 
and  when  excited,  no  matter  by  what  means,  the  effect  is 
always  similar. 

93.  Here  are  a  few  facts.      Stimulation  of  the  nerves 
which  send  filaments  to  the  chromatophores  of  the  skin  in 
reptiles  causes  the  skin  to  become  paler,  and  even  colomlen: 
the  colour-specks  disappear  under  this  contractile  stimnliis. 
This  being  known,  Goltz  deprived  a  frog  of  brain,  spinal 
cord,  and  heart,  thus  eliminating  all  possible  influence  bm 
them,  slit  up  the  skin  of  the  back,  and  displayed  tiie  nerves 
which  pass  from  each  side  of  the  spine  to  the  skin ;  these 
nerves  he  then  divided  on  the  right  side,  and  observed  tbe 
skin  on  this  side  slowly  become  paler  and  paler,  till  finally 
it  was  as  yellow  as  wax ;  the  left  side,  having  its  nerves  in- 
tact, retained  its  colour.     Two  conclusions  seemed  to  him/ 
warranted  by  this  experiment :  First,  that  even  in  the  deid 
frog  the  nerves  separated  from  their  centre  were  still  active; 
secondly,  that  the  irritation  of  the  nerves  resulting  from  their 
section  was  the  cause  of  the  colour-specks  disappearing.  This 
second  conclusion  was  strengthened  when  he  found  that  the 
irritation  was  increased  when  he  cut  the  nerves  bit  by  bit 

It  is  not  at  present,  I  believe,  clearly  made  out  that  the 
colour-specks  of  the  Cephalopoda  are  in  direct  connection  with 
nerves ;  but  it  is  tolerably  certain  that  they  are  in  some  way 
under  the  influence  of  nervous  stimulation,  directly  or  indi- 
rectly. D'Orbigny,  indeed,  goes  so  far  as  to  say  they  are 
dependent  on  the  will  of  the  animal*  This  seems  very 
lax  language ;  but  restricting  ourselves  to  the  fact  of  nervous 
influence,  tbe  experiments  of  Goltz  receive  further  illustra- 
tion in  an  observation  I  have  elsewhere  recorded.t  I  found 
that  a  strip  of  skin  taken  from  the  dead  body  of  a  calamary 
{Loligo)  showed  the  colour-specks  expanding  and  contracting 
with  vigour. 

94.  The  heart  is  well  known  to  beat  after  death,  if  death 
be  not  the  result  of  a  gradual  decay.     Sometimes,  indeed,  its 

•  D'Okbigny  :  De»  MoUusques  VivanU  et/ot$iU,  p.  113. 
t  Seaside  Studies  :  2d  ed.,  p.  10 1. 
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■tucalar  EiriUbilit;  Is  so  ncttvo  that  the  heait  will  boat  for 
E.  Rousseau  observed  it  beating  ia  a  woman  twenty- 
after  sha  Iiad  been  guillotined.  •  Not  only  will 
after  death,  but  in  many  animals  even  after  removal 
the  body :  the  heart  of  a  young  puppy,  or  kitten,  will 
lor  three  or  four  houra  arter  its  removal ;  that  of  a  fnll- 
or  cat,  not  one  hour ;  whereas  thL>  beating  of  that  ' 
a(»  tortoise',  in-  a  fi\y.  will,  under  proper  precautions,  be  pre- 
ytrvfA  for  days — and  «ven  after  it  has  stopped,  it  may  be 
iiiaulated  to  fresh  puleations. 

Iliynologiats  explain  this  spontaneous  movemeut  of  Uia 

^•wt  88  dne  to  the  ganglia  in  ita  substance.     This  explana- 

tnio,  whkh  is  fonndctl  on  what  I  cannot  but  njgord  as  a 

»idy  inuigiuary  view  nf  the  functions  of  ganglionic  cells, 

DM  itaiMl  or  fall  with  that  hypotheais.     A  long  and  arduous 

I'Mijtiliwi  has  led  me  tu  doubt  whetlier  in  uni/  case  tin; 

batt'l  norements  nro  primarily  due  to  its  gaoglia;  at  all 

nuta,  tbe  same  sponlativous  ntovcmentK  are  observed  in  the 

but*  oC  m(dlD»C8  and  crustHcoans,  which  are  without  even  a 

noof  ganglia;  and  In  the  hearts  of  mammalian  embryos 

1«5  Ivfiire  ganglia  or  nerve  fibre.*  mai;o  their  appearance. 

Vol  Ian  certain  ia  it  that  movements  of  contraction  and  dila- 

aiwo  are  prodoccd  in  tlie  blood-vessels  independently  of  all 

nntnl  influenee.     This  has  been  decisively  proved  by  the 

lulian  physiologist.  Mosso,  when  experimenting  on  an  organ 

wlMed  from  the  organism;  and  although  the  vessels  have 

tMr  nerve  cells  and  fibres,  he  ju&lly  doubts  \k  hetlier  it  is  to 

tItaK  that  the  stimulation  is  due,  because  the  phenomena  ani 

after  the  nervous  vitality  has  disappeared.     (Jolu: 

■11  tbo  tissQcs  in  the  leg  of  a  rabbit,  so  Uiat  the  only 

of  the  leg  with  the  rest  r>f  the  Ixxiy  was  tJirough 

'he  ernra]  vein  and  artery,  which  kept  up  the  circulation; 

t  altboDgb  tlio  nerves  of  the  skin  were  thus  separated  firom 

•hat  oentre,  so  that  no  sensation  could  be  producwl  by  stimu- 

latin"  the  skin  of  the  leg,  consequently  no  reflex  ftY)m  the 

centre  on  the  vessels,  Oottz  found  that  a  marked  rtiddeuing 

«r  tba  skin  from  congestion  of  the  capillaries  followed  the 

,*Gll«d  by  Baowy  S^exan    yunnrif  -U  l-i  PhyruJo^it,  i8;8,  p.  359. 
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application  of  mustard  to  the  skin.  Physiologists  who  be- 
lieve that  the  constriction  and  dilatation  of  blood-vessels  are 
due  to  the  action  of  the  ganglionic  cells  distributed  over  die 
walls  of  the  vessels  will  explain  Goltz's  observation  as  a  case 
of  reflex  action ;  but  those  who  agree  with  me  that  such  an 
hypothesis  respecting  the  part  played  by  the  cells  is  unten- 
able, will  class  the  observation  among  other  cases  of  diiect 
stimulation. 

95.  But  passing  from  these  perhaps  questionable  cases,  let 
us  glance  at  other  cases.    The  mobile  iris  of  the  bird  display's 
movements  after  the  nerves  have  been  divided.    Even  the 
voluntary  striped   muscles   are  not    altogether  motionless. 
Schiff  divided  the  hjrpoglossus  on  one  side,  and  found,  of 
course,  the  tongue  paralysed  on  that  side ;  but  he  also  found 
that  on  the  third  day  after  the  operation  some  of  the  muscles 
of  that  side  were  quivering :  the  agitation  spread  to  others^ 
till  by  the  end  of  the  fourth  day  all  the  fibres  were  rhythm^ 
colly  contracting.     From  this  time  onwards,  the  contractions, 
were  incessant ;  though  they  were  never  able  to  move  fli^ 
tongue,  because  the  fibres  did  not  contract  simultaneously. 

Schiff  also  observed  that  the  hairs  over  the  eyes  and  th^ 
"  whiskers  "  of  cats,  rabbits,  and  guinea  pigs  were  for  montli  s 
after  section  of  their  nerves  in  incessant  rhythmical  vibratioum  . 
This  was  observed  when  the  animals  were  asleep  as  vhei* 
awake.      Valentin  records  the  spontaneous  movements  ixx 
the  diaphragm  of  animals  just  killed ;  and  this  even  aftax" 
section  of  the  phrenic  nerve.    The  same  movements  may  b^ 
seen  in  the  operculum  of  fishes.     Henle  observed  the  spon-' 
taneous  contractions  of  the  intercostal  muscles ;  which  Sclii^* 
confirms,  adding  that  the  movements  observed  by  him  i^"* 
cats  and  birds  were  not  simply  contractions  of  some  fibr^^^-, 
but  of  all  the  muscles,  so  that  three  or  four  excised  rik>^ 
rhythmically  contracted  and  expanded. 

I  have  performed  a  great  many  experiments  with  a  vie 
of  determining  this  question,  but  the  phenomena  were 
variable  that  I  refrain  from  adducing  any,*  and  merely  sta 

*  Dr.  NoRRis  hfts  recorded  poiiic  striking  observations  in  his  pa 
on   **  Musculiir  Irritability  "  in  tljc  Journal  of  Anatomy^  1867,  No. 
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t  Rsult  OS  one  in  liarmoiiy  wtth  the  foreguing 
r  Tlie  great  vart«l»ility  of  tbe  phenomena  dept-nds 
•MS  lb«  variable  condilioiis  of  muscular  irritability  and 
-iiaiuoiical  ivlations.  Wlieu  the  heart  of  one  woman  is 
'  !iad  beating  twenty- sevbu  hours  aft«r  death,  while  in  most 
ii'D  and  women  it  ceases  after  a  few  minutes,  we  must  be 
1  "-^lared  to  find  different,  and  even  contradictory  plienomenn 
uLider  vai^'ing  unknnwn  conditions.  There  is,  however,  a 
^piBenl  agreement  among  experiinenlers  tliat  muscular 
vTiubility  increases  after  separation  fiom  nerve-centres,  and 
tti«B  i]uickly  decreases  again. 

96.  Although  the  stimulation  of  muscles  usually  comes 
tknmgk  4  Utfrve-eentre,  yet  since  the  nmsflcs  do  not  derive 
'knit  Contractility  from  nerve-centres  any  stimulation  will 
■ulfice.  Now  since  we  have  abundant  proof  that  sensory 
tt'TTes  an?  stimulated  by  certain  organic  changes,  by  poisons 
II  ilic  blood,  excess  of  carbonic  acid,  &c.,  wo  are  justified  in 
nrluiling  that  motor  nerves  will  be  stimulated  in  like  man- 
'■'■t.  &iiil  thus  muscular  movement  be  produced  occasionally 
■  lUiout  the  intervention  of  a  centre.  I'ressure  on  a  motor 
wrtt,  or  the  irritation  which  results  from  inflammation,  will 
IrifTtnino  contraction,  or  secretion  directly.  Recently,  Erb 
t.!  Wi->-liihal  have  disclosed  the  fact  that  the  leg  will  be 
noil  lily  j<_'rked  out  if  the  patella  bo  gently  tapped ;  and 
'--.\  imivi;  this  not  to  lie  a  reflex  lution,  because  it  fol- 
>i  uuii  the  same  cvrtaiuty  aft«r  the  skin  has  been  mailu 

T)k:n-  ;ire  doubtless  nmny  other  ])henomena  winch,  though 
•injinonly  assigned  to  reflex  stimulation,  are  really  due  to 
<li(Kt  simulation.     Heaearch  might  profitably  be  turned  to- 

^  :i;.  Here  U  llic  01U7  one  I  r^i  finJ  nioui  for  ;  "  Un  taking  np  llie 
^frasaM!  bniching  tlie  linib  (which  during  life  liul  Wen  panlyiwil 
'  ■  iMica  -T  {I*  uerve)  with  iiij*  fiiiKT,  il  mu  nuMcnfy  iW  out  oj  >/ 
■'•K  I  |Jac«d  the  hoiljr  dowit.  atul  one  oc  two  apparentlt/  rponlantaiu 
-«<M«I«  of  imill  Bitent  Afi«rwikn3ii  occurn-it.  Ou  loutliin;^  the  akin 
.'StJl  vitfa  ihe  jiuinl  of  a  iiCHtlr.  by  l]\v  slight  i)re«uT«  ajxia  llio 
-wdc  l>Mkr.ith,  inovi'tuenU  of  Ihe  litnh  «eTc  alio  inducitl,  but  thin 
>'"(  iifgirt  of  eialtBtinn  very  ntpiilly  ibxniijivar^l." 
'  &«  Ibtif  laprtt  ill  the  Arthir  fur  Fiyt/tiatnt,  1875,  B.1  v.  Ilnfl  3. 
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wards  tbe  elucidation  of  this  point.  Since  there  is  demon- 
strable evidence  that  a  nerve  when  no  longer  in  connection 
with  its  centre,  or  with  ganglionic  cells,  may  be  excited  bjr 
electricity,  pressure,  thermal  and  chemical  stimuli,  we  most 
conclude  that  even  when  it  is  in  connection  with  its  centre, 
any  local  iri'itation  from  pressure,  changes  in  the  circulation, 
&c.,  will  also  excite  it.  But  as  such  local  excitations  will 
have  only  local  and  isolated  effects,  they  will  rarely  be  con- 
spicuous. 


(     2il      ) 


CIIAPTEn  VI. 


i    TAt'GHT    Br    1 


tvoLocy  ? 


Sl'iUKcT  to   tho  qualiticatioii  eKpreased  in  the  last 

r,  KtimuUtiun  of  muscles  unci  glands  involves  a  neural 

IB  ingoisg  nerve,  centre,  and  uutgoing  nerve.      These 

~  .demenU  of  the  "  nervous  arc."    If  muscles  were 

to  external  influences,  tliey  would  be  stiimi- 

the  intervention  of  n  centre ;  but  ;i3  a  niiitli-r 

ibey  never  are  thus  exjiosed,  bein^  always  jiroteclni 

skin.      Did   tlie   skin-nerves   paaa   directly   to   the 

apderncntli.  they  would  move  those  mustles,  witli- 

itiuu  of  a  centre  ;  hut  as  a  matter  of  fuct  Ihtj 

directly  to  a  centre,  so  tlint  it  is  only  ibrovgh 

they  can  act  upon  the  niuaclea.     Wertt  muscles 

ids  directly  connected  with  ciensitive  surfaces,  their 

would  indeed  be  awakened  by  direct  stimulatiau; 

muscles  were  so  connected  the  one  with  the 

of  lihres  or  continuity  of  tissue,  that 

of  one  was  the  movement  of  nil,  there  would 

ither  channel  by  whieh  their  separate  ener- 

Id  ha  combioc<l  and  co-ordinated.     In  the  higher 

aiMfttoinosis  of  muscles  is  rare,  and  the  cumbiun- 

hj  means  of  the  nenc-s. 

Allbongl)  analysis  distinguishes  the  two  elements  of 

no-nuacnlar  system,  assigning  separate  pruj>ertie9  lo 

■nta  tissues,   an   interpretation   of  the   phenomena 

b  a  qnnhesia,  so  that  a  movement  is  to  be  conceived 

inTolring  Sensibility,  and  a  sensation  as  slwav'} 

Motility.*    In  like  manner,  although  analysis  dis- 

it  will  l>e  jtKtitieil  wbon  I  coiup  to  uponnii  tlie 
^vhkh  1  liava  dsuihI  Uu  ftydiotogical  SpMrutn. 
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tinguishes  the  various  organs  of  the  body,  assigning  separate 
functions  to  each,  our  interpretation  demands  their  synthesis 
into  an  organism ;  and  we  have  thus  to  explain  how  tbe 
whole  has  different  parts,  and  how  these  dififerent  parts  are 
brought  into  unity.  Embryology  helps  us  to  complete  tie 
fragmentary  indications  of  Anatomy  and  Physiology. 

99.  Take  a  newly-laid  egg,  weigh  it  carefully,  then  hatch 
it,  and  when  the  chick  emerges,  weigh  both  chick  and  shell: 
you  will  find  that  there  has  been  no  increase  of  weight.  The 
semifluid  contents  have  become  transformed  into  bones, 
muscles,  nerves,  tendons,  feathers,  beak,  and  claws,  all  with- 
out increase  of  substance.  There  has  been  differentiaim 
of  structure,  nothing  else.  Oxygen  has  passed  into  it  from 
without ;  carbonic  acid  has  passed  out  of  it.  The  molecular 
agitation  of  heat  has  been  required  for  the  rearrangements  of 
the  substance.  Without  oxygen  there  would  have  been  no 
development.  Without  heat  there  would  have  been  none. 
Had  the  shell  been  varnished,  so  as  to  prevent  the  due 
exchange  of  oxygen  and  carbonic  acid,  no  chick  would  have 
been  evolved.  Had  only  one  part  of  the  shell  been  varnished, 
the  embryo  would  have  been  deformed. 

99a.  The  patient  labours  of  many  observers  (how  patient 
only  those  can  conceive  who  have  made  such  observations!) 
have   detected   something   of    this   wondrous    history,   and 
enabled  the  mind  to  picture  some  of  the  incessant  separations 
and  reunions,  chemical  and  morphological     Each  stage  of 
evolution  presents  itself  as  the  consequence  of  a  preceding 
stage,  at  once  an  emergence  and  a  continuance ;  so  that  no 
transposition  of  stages  is  possible ;  each  has  its  appointed  place 
in  the  series  (Problkm  I.  §  107).     For  in  truth  each  stage  is 
a  process — the  sum  of  a  variety  of  co-operant  conditions.   We. 
looking  forward,  can  foresee  in  each  what  it  will  become,  as  we 
foresee  the  man  in  the  lineaments  of  the  infant ;  but  in  this 
prevision  we  always  presuppose  that  the  regular  course  of 
development  will  proceed  unchecked   through   the   regular 
succession  of  special  conditions :  the  infant  becomes  a  man 
only  when  this  succession  is  uninterrupted.     Obvious  as  this 
seems,  it  is   often  disregarded;   and  the  old  metaphysical 
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inception  of  potential  powers  obscures  the  real  significance 
^  Epigenesis.  The  potentiality  of  the  cells  of  the  germinal 
Daembrane  is  simply  their  capability  of  reaching  successive 
•tages  of  development  under  a  definite  series  of  co-operant 
conditions.  We  foresee  the  result,  and  personify  our  prevision, 
Hut  that  result  will  not  take  place  unless  all  the  precise 
changes  that  are  needful  serially  precede  it.  A  slight  pres- 
sure in  one  direction,  insufficient  to  alter  the  chemical  com- 
position of  the  tissue,  may  so  alter  its  structure  as  to  disturb 
the  regular  succession  of  fonns  necessary  to  the  })erfect 
evolution. 

100.  The  egg  is  at  first  a  microscopic  cell,  the  nucleus  of 
uhich  divides  and  subdivides  as  it  grows.  The  egg  becom&s 
a  hollow  .sphere,  the  boundary  wall  of  M'hich  is  a  single  layer 
of  cells,  all  so  similar  that  to  any  means  of  appreciation  we 
now  possess  they  are  indistinguishable.  They  are  all  the 
progeny  of  the  original  nucleus  and  yolk,  or  cell  contents. 
Very  soon,  however,  they  begin  to  show  distinguishable 
differences,  not  perhaps  in  kind,  but  in  degree.  The  wall  of 
this  hollow  s])here  is  rapidly  converted  into  the  (fcmninal 
membrane,  out  of  which  the  embryo  is  formed.  Kowalewsky 
(confinned  by  Balfour)  has  pointed  out  how  in  the  Amphi- 
oxus  the  hollow  sphere  first  assumes  an  oval  shape,  and  then, 
by  an  indentation  of  the  under  side,  M'ith  corre8]K)nding 
curvature  of  the  upper  side,  presents  somewhat  the  sha]K! 
of  a  bowl.  The  curvature  increases,  and  the  curved  ends 
approaching  each  other,  the  original  cavity  is  reduced  to  a 
thin  line  separating  the  up{)er  from  the  under  surface.  The 
cavity  of  the  body  is  formed  by  the  cur>*ing  downwartls  of 
this  double  layer  of  the  germinal  membrane. 

101.  Tliis  is  not  precisely  the  course  olwervable  in  other 
Vertebrates ;  but  in  all,  the  germinal  membrane,  whirh  lies 
like  a  watch-glass  on  the  surface  of  the  yolk,  is  recognisable 
as  two  distin(*t  lavers  of  verv  similar  cells.  What  do  these 
represent  ?  They  are  the  starting-points  of  the  two  great 
systems :  Instrumental  and  Alimental.  Tlie  one  yields  the 
dermal  surface;  the  other  the  mucous  membrane.  Elach  fol- 
lows nn  inde|H'ndent  though  analogous  career.     The  yolk  fur- 
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iiislies  nutrient  material  to  the  germinal  membr!iDe,ind 
passes  more  or  less  directly  into  the  tissues ;  but  unlikelho 
germinal  membrane,  it  is  not  itself  to  any  great  extern  the 
seat  of  generation  by  segmentatioa  Tliere  are  two  yolh:  tbe 
yellow  aud  tbe  white  (which  must  not  be  coiirouuded  willi 
what  is  called  the  whUg  of  egg);  and  their  disposiliou  nw/bii 
seen  in  this  diagi-am  copied  from  Foster  and  Balfour's  work: 


! 


k    \ 


The  impoitauce  of  the  white  yolk  is  that  it  passes  iusensi'''.'' 
into  a  distinct  layer  of  the  yermiual  membrane,  between  ""^ 
two  primary  layers  *  Each  of  ihe  tliree  layers  of  the  genuiii^l 
membrane  lias  its  spetalic  character  assigned  to  it  by  em- 
Iiryologists,  who,  however,  are  not  all  in  a^^emeuL  Sonv 
authorities  regard  the  topmost  layer  as  tlie  origin  of  tbi 
nervous  system,  the  epidermis,  with  hair,  feathers,  nails,  born- 
the  cornea  and  lens  of  the  eye,  &c.  To  the  middle  layer  art 
osaigned  the  muscular  and  osseous  systems,  the  sexual  org^"'' 

•Foster  find  BAtrouR:  Etemmh  o/frnfrrjoloffj/,  i874,i>nrt  i- p-S-' 
}Ita:  PttleriKehvjigen  aber  dit  trilt  Aiiiixge  da  WirbfWiitrlnbtt,  l^ 
p.  197- 
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lit  To  tlw  innermost  layer,  the  alimentary  canal,  witli  liver, 

rfucnu,  gastric  and  enteric  glands.     ODier  authorities  are 

I  fivour  of    two    primary   layers:  one   for   the   aervoua, 

KaoBcolar,  osseous,  and  dermal  systems;  the  other  for  the 

Incera  and  unstriped  inusclea.     Betweea  these  two  layers, 

A  lliird  gndiiiilly  fonits,  which  is  specially  cliarauterised  as 

^A»  Tucalar. 

M^^^Ueesrs.  Foster  and  Balfour,  avoiding  the  controverted 

■  of  serous,  vascular,  and  mucous  layers,  or  of  sen- 

t  germinativc,  and  glandular  layers,  employ  desig- 

nrhich  are  independent  of  theoretic  interpretation, 

i  ntnply   describe   the  position   of  the   layers,   namely. 

Had  for  tlie  upper,  menMast  for  the  middle,  and  hi/pciblaal 

I  br  die  under  layer.     From  the  epiblast  they  derive  the  epi- 

<lmut  ud  central  nervous  system  (or  would  even  limit  the 

latter  lo  tb«  oentml  )^y  matter),  together  with  some  parts  of 

^  wuM-OTgans.     From  the  mesohlast,  the  muscles,  nervys 

''od  probably  white  matter  of  the  centres),  bones,  connective 

"ttiK,  and  blood-vessel  a.     From  the  hypoblfist,  the  epithe- 

'■^  hninj;  of  the  alimentury  canal,  trachea,  bronchial  tubes, 

••  wpU  a«  the  liver,  pancreiis,  &c.*     KtiUiker's  suggestion  ia 

'xticb  to  the  same  e0ect,  namely,  that  the  three  layers  may 

^  viewed  aa  two  epithelial  layei'S,  between  which  subse* 

MUeotly  arises  a  third,  the  origin  of  nerves,  nmscles,  bones, 

■^tiBective  tissue,  and  ve88el8.t 

103.  The  way  in  which  tho  history  may  be  epitomise<l  is 
this:    Tberu  are  two  germinal  membranes,  rcspec- 
Kv«ly  rvprewntiug  tlio  Iiistnimental  and  Alimental  Systems, 
h  tnenibrane  ditVcrentiates,  by  dilferent  appropriations  of 
I  yolk  snhstance,   into   three   primary  layers,   tpUhtlial, 
t,  and  imtucWnr.     In  the  epiblast,  or  upper  membrane, 

*  Tirj  MmU  L)iBt  \he  cella  of  lh«  rpiljliul  SK  ihv  n'«ult«  of  din:ct 
I,  whcrca*  the  r«lU  of  the  other  Uyen  am  furiunl  at  a  eub- 
a  [WTtiil,  uid  an  only  iuilirecUjr  re«ulta  of  w([iiicDlalina.  Uut  if 
>•  «b*tmliotii  ofKuWAi.EWSKT  arv  vxact,  ttiis  it  Dul  tbecue  with  the 
IvraUwt  of  tile  Anpkiuini,  which  ii  fruni  tlie  Itnt  iJeutlMJ  with  tb« 

t  KOUJUtB  :  JintieicklUHgij/iMkidll*  d4*  Mtntdun  MMll  dtr  kHumiS 
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these  layers  represent :  i®,  the  future  epidermis  with  iti 
derivatives — hair,  feathers,  nails,  skin  glands,  and  chroma- 
tophores ;  2°,  the  future  nervous  tissue ;  3®,  the  future  miw- 
cular  tissue  *  (Bone,  dermis,  connective  tissue,  and  blood- 
corpuscles  are  subsequent  formations.) 

The  hypoblast,  or  under  membrane,  in  an  inverted  order 
presents  a  similar  arrangement :  i®,  the  unstriped  muscular 
tissue  of  viscera  and  vessels ;  2**,  the  nervous  tissue  of  the 
sympathetic  system ;  3**,  the  epithelial  lining  of  the  alimen- 
tary canal  with  its  glands. 

Fundamentally  alike  as  these  two  membranes  are,  they 
have  specific  differences ;  but  in  both  we  may  represent  to 
ourselves  the  enibryological  unit  constituted  by  an  epithdi^ 
cell,  a  nerve-cell,  and  a  muscle-cell.     All  the  other  cells  aa^ 
tissues  are  adjuncts,  necessary,  indeed,  to  the  working  of  tli^ 
vital  mechanism,  but  subordinated  to  the  higher  organites. 

104.  This  conception   may  be  compared  with  that  (^ 
His  in  the  division  of  Archiblast  and  Parablast  assigned  b^^ 
him  to  the  germ  and  accessory  germ.+    We  can  imagine,  h^^ 
says,  the  whole  of  the  connective  substances  removed  fronr^* 
the  organism,  and  thus  leave  behind  a  scaffolding  in  whicl"^ 
brain  and   spinal  cord  would  be   the  axis,  surrounded  hy^ 
muscles,  glands,  and  epithelium,  and  nerves   as  connecting 
threads.    All  these  parts  stand  in  more  or  less  direct  relation 
to  the  nervous  system.     All  are  continuous.     By  a  similar 
abstraction  we  can  imagine  this  organic  system  removed,  and 
leave  behind  the  connected  scaffolding  which  is  formed  from 
the  accessory  germ ;  but  this  latter  has  only  mechanical  signi- 
ficance ;  the  truly  vital  functions  belong  to  the  other  system. 

105.  The  researches  of  modern  liistologists  have  all  con- 
verged towards  the  conclusion  that  the  organs  of  Sense  are 
modifications  of  the  surface,  with  epithelial  cells  which  on 
the  one  side  are  connected  with  terminal  hairs,  or  other  ele- 
ments adapted  to  the  reception  of  stimuli,  and  are  connected 

♦  [According  to  Balfour's  recent  observations,  a  large  part  of  the 
muscular  tissue  is  derived  from  the  layer  of  the  mesoblast  belonging 
to  the  liypoblast] 

t  His  :  Untersuc/nmgeVy  pp.  39,  40. 


■Re  nervous  meciiaxism, 

ft  tlw  olLer  side  through  nen-e-filires  with  the  perceptive 
It  has  been  shown  that  nerve-fibres  often  terminate 
it  {or  unong)  epithelial  cells — sensory  fibres  at  tlie  surface, 
Bii  luoCor-fibres  in  tlie  glands  *  Whether  the  fibres  actu- 
j  penetrate  the  substance  of  the  cell,  or  not,  is  still  dis- 
pnitd.  1-jiougli  for  our  present  purpose  to  understand  that 
■Ihw  is  a  phy»iologiral  connet'tion  between  the  two,  and 
il-ne  hII  that  sensory  nerves  are  normally  stimulated 
'-  nr::^!]  -ome  epithelial  structure  or  otlier. 

106  And  this  becomes  clear  when  we  go  back  to  the 
■ ->Hi..«(  indications  of  development.  Look  at  Fig.  15,  repre- 
Keoling  a  transverse  section  of  the  germinal  membranes  in 
>  (liick  after  eighteen  hours'  incubation.     Here  the  three 


^Tm,  A,  II,  and  C,  have  the  aspect  of  simple  cells  very 
''igfilly  diifering  among  each  other.  Yet  since  each  layer 
'«  ntttmntfily  a  progeny  which  is  characteristically  <listin- 
iii«luiltii>.  we  may  sjH'ak  of  each  not  as  what  it  now  is,  but 
»ii*l  it  will  become.  Although  the  most  expert  embiyologist 
li  uften  unable  to  distinguish  the  embryo  of  a  reptile  from  that 
"'  1  liird  or  of  a  mammal,  at  certain  stages  of  evolution,  so 
''«*]?  does  tbu  one  resemble  the  other,  yet  inasmuch  as  the 

*  Qniu  rMwiitIr  Ovbjajcxikuw  liu  poioied  out  the  lermiitiLtioii  of 
bim  in  the  phMpbonaccnt  cclU  of  the  Lampyri*  A'octiluca.  See  his 
ttfl  m  lh«  Ithnairti  <U  tActuL  <h  St.  PtttrAourg,  1868,  *l  17.  The*e 
pkvfliommit  eclt«  trr  wild  lu  be  t;&ng1ion-c«lli>  1>.t  PaXciRI  :  jHtono 
UU  tmtt  lit  rmava  datU  alUuU  iutvom  (Rvndicotito  dclU  AccdiI.  dellp 
ftrieoM,  A)-ril  1872);  ani]  I>y  F.nlER  :  AreHv  fur  mikrot.  Anatomit, 
187J,  p.  653.  KiiLLiKEB  ftlMi  callii  the  phwipliornKeiit  otgwi  n  nervoiia 
wpLB.  Tlii*  i>  not  to  he  intcrjin-tei]  u  tnenning  that  neurilit;  U  pho»- 
timpl^  ihal  ill  Mimp  trrrve  cell"  there  in  rhiBphorw- 
r,  which  UuUed  intosi'litity  by  uliiuulua  of  tliv  liorvv*. 
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embryo  of  a  reptile  does  not,  cannot  become  a  bird,  nor  that 
of  a  bird  a  mammal,  he  is  justified  in  looking  forward  to 
what  each  will  become,  and  in  calling  each  embryo  by  its 
future  name.     On  the  same  ground,  although  we  cannot 
point  to  any  such  distinction  between  the  layers   of  the 
blastoderm  as  I  have  indicated  in  the  separation  of  Instru- 
mental and  Alimental  Systems,  nor  specify  any  characters  by 
which  the  cells  can  be  recognised  as  epithelial,  neural,  and 
muscular,  yet  a  forward  glance  prefigures  these  divisions. 
We  know  that  the  first  result  of  the  segmentation  of  the 
yolk  is  the  formation  of  cells  all  alike,  which  in  turn  grow 
and  subdivide  into  other  cells.    We  know  that  these  cells 
become  variously  modified  both  in  composition  and  struc- 
ture, and  that  by  such  differentiations  the  simple  otgamsm 
becomes  a  complex  of  organs. 

lOT  But  here  it  is  needful  to  recall  a  consideration  some- 
times disregarded,  especially  by  those  who  speak  of  Differ- 
entiation as  if  it  were  some  magical  Formative  Principle; 
quite  independent  of  the  state  of  the  organised  substance 
which  is  formed.  There  is  a  luminous  conception — first 
announced  by  (Joethe,  and  subsequently  developed  by  Milne 
Edwards — which  regards  the  organism  as  increasing  in  power 
and  complexity  by  a  physiological  "  division  of  labour,"  very 
similar  to  that  division  of  employments  which  characterises 
the  developed  social  organism.  But  the  metaphor  has  some- 
times been  misleading;  it  has  been  interpreted  as  indicat- 
ing that  Function  creates  Organ  (see  Problem  I.  §  88),  and 
as  if  Differentiation  itself  were  something  more  than  the 
expression  of  the  changes  resulting  from  the  introduction 
of  different  elements.  In  the  Social  Organism  a  "  division 
of  labour"  presupposes  that  labourers  with  their  labour- 
materials  are  already  existing;  the  change  is  one  of  re- 
arrangement :  instead  of  each  labourer  employing  his  skill  in 
doing  many  kinds  of  work,  he  restricts  it  to  one  kind,  which 
he  is  then  able  to  do  with  less  loss  of  time  and  power.  Thus 
is  social  power  multiplied  without  increase  of  population  ;  and 
the  social  organism  becomes  more  complex  by  the  differen- 
tiation of  its  organs.      It   is  not  precisely  thus  with  the 
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during  its  evolution.  Indeed  to  suppose 
ition  of  the  germinal  membrane  into  special 
takes  place  by  any  such  division  of  em- 
tio fall  into  the  ancient  error  of  assuming  the 
to  exist  prt/ormed  in  the  ovum.  The  unequivocal 
of  Epigenesis  is  that  each  part  is  produced  out  of 
Iht  alaneats  furnished  by  previous  parts ;  and  for  every 
iation  there  must  be  a  difference  in  composition, 
or  texture — the  first  condition  being  more  impor- 
laU  thAQ  the  second,  the  second  more  important  than  the 
lUrd.  The  word  protoplasm  has  almost  as  wide  a  generality 
u  tho  word  animal,  and  is  often  used  in  forgctfulness  of  its 
ipecific  values:  the  protoplasm  of  a  nerve-cell  is  not  the 
■■«  u  tluit  of  a  blood-cull,  a  iiiuscle-cell,  or  a  connective- 
liwie  cell,  any  more  tlian  a  bee  is  a  butterfly,  or  a  prawn  a 
latcUr,  No  sooner  has  the  specific  character  been  acquired, 
•»  lomet  is  one  organite  formed  by  differentiation,  than  there 
ii  in  absolulc  barrier  against  any  trail sformat ion  of  it  into 
ay  oUier  kind  of  organite.  The  nerve-cell,  muscle-cell,  and 
tpiJwliat  c«Il  have  a  common  starting-point,  and  a  com- 
Botiity  of  substance ;  but  the  one  can  no  more  be  tnms- 
tawd  into  tlie  other,  than  a  mollusc  can  be  transformed 
Mo  t  cinataccan.  In  the  homogeneous  cellular  mass  which 
«il»tquMttly  1<ccomes  tlie  "  vertebral  plates,"  a  group  of  cells 
ii  Tery  early  dilTerenliated :  this  is  the  rudimentary  spiual 
pngliOD,  which  becomes  enveloped  in  a  membrane,  and  then 
widely  different  course  from  that  of  the  other  cells 
it,  80  that  "  the  siune  cell  which  was  formerly 
of  the  vertebral  plate  now  becomes  a  nerve-cell, 
its  neighbours  become  cartiltu^e-cells."  *  Indeed  all 
bypotheses  of  transformation  of  tissues  by  means  of 
are  aa  unscientiRc  as  the  hypotheses  of  thti 
of  animals.    In  the  organism,  as  in  the  Cosmos, 

I  uad   KcprPEB  :    Textur  da  Ruct^imarh.   1S57,   p.   loS. 

~  I  tn  the  icit  hw  Iwen  rrnilerv<l  doublful  by  the  recent 

iief  Mr.  F.  Ralwovb.  On  Uu  Devdopmmt  of  tin  Spinal  Hftna 

^^        A  fSi/itt  (Phit^i.  Tran*.,  vol.  clivi..  part }.),  which  «hovr 

m  BibM  tb«  i^giioii  baa  iu  grigin  in  the  ipiiwl  cori.] 
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typical  forms  once  attained  are  retained.  There  probably 
was  a  time  in  the  history  of  the  animal  series  when  masses 
of  protoplasm  by  appropriating  different  materials  from  the 
surrounding  medium  were  differentiated  into  oiganisms  more 
complex  and  more  powerful  than  any  which  existed  before. 
But  it  is  obvious  that  from  a  common  starting-point  there 
could  have  been  no  variations  in  development  without  the 
introduction  of  new  elements  of  composition :  there  might 
have  been  many  modifications  of  structure,  but  unless  these 
facilitated  modifications  of  composition,  there  could  never 
have  resulted  the  striking  differences  observed  in  animal 
organisms.* 

108.  To  return  from  this  digression,  we  may  liken  the  three 
primary  layers  of  the  germinal  membranes  to  the  scattered 
and  slightly  different  masses  of  protoplasm  out  of  which  the 
animal  kingdom  was  developed.     In  this  early  stage  there 
are  no  individualised   organites — no  nerve-cells  or  mnsde- 
cells.    They  are  cells  ready  to  receive  modifications  both  of 
composition  and  structure,  appropriating  slightly  different 
elements  from  the  yolk,  and  according  to  such  appropriation 
acquiring  different  properties.  And  this  is  necessarily  so,  since 
the  different  cells  have  not  exactly  the  same  relation  to  the 
yolk,  nor  are  they  in  exactly  the  same  relation  to  the 
incident  forces  which  determine  the  molecular  changes.    The 
uppermost  layer  (epiblast)  under  such  variations  develops 
into  epithelium  and  central  nerve-tissue ;  the  epithelial  cell 
cannot   develop  into  a  nerve-cell,  the    two    organites   are 
markedly    unlike,  yet   both  spring  from  a  common    root 
Another  modification  results  in  the  development  of  muscle- 
cells  from  the  inner  layer. 

109.  Hence  we  can  understand  how  the  surface  is  sensi- 
tive even  in  organisms  that  are  without  nerve-tissue ;  and 
also  how  even  in  the  highest  organisms  there  is  an  intimate 
blending  of  epithelial  with  neural  tissues.  The  same 
indication  explains  the  existence  of  neuro-muscular  cells 
in   the   Hydra,  recorded    by   Kleinenberg,   and   of   neuro- 

*  Comp.  Problem  I.  §  130,  with  the  remarks  of  Charles  Robin  : 
Anatomie  et  Phifsioloyie  Cellulatres,  1873,  !'•  20. 
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Imicnkr  fibres  in  the  Beroe,  by  Einicr*  In  the  simpler 
l^iquiRnis  the  surface  is  at  once  protective,  sensitive,  and 
tieorbent.  It  shuts  off  the  anituol  from  the  external  medium, 
uJ  Uiua  individualises  it;  at  the  same  time  it  connects  this 
indiridual  with  the  medium ;  for  it  is  the  channel  through 
"hioh  tho  medium  acts,  both  as  food  and  stimulus.  The 
-ni  RK)r[iholo,;ical  change  is  one  whereby  a  part  of  the 
Hiifae*  is  Wnt  inwiuils,  and  forma  the  lining  of  the  body's 
amy.  Soon  there  follows  such  a  modification  of  structure 
l»-i»«n  the  outer  and  inner  auri'acea  (ectodervi  and  evdodenn) 
iW  the  uue  is  mainly  sensitive  and  protective,  the  other 
aunly  pnituetive  and  absorbent.  Tlie  outer  surface  con- 
tiniiec  indeed  to  absorb,  but  its  part  in  this  function  is 
■Bs^ifirant  cuinpored  with  that  of  the  inner  surface,  wliicb 
Mt  only  absorbs  but  secretes  fluids  essential  to  assimilation. 
Ibt  ioDer  surface  although  sensitive  is  subjected  to  leas 
niiotu  Blimulntion,  and  its  sensibility  is  more  uniform. 

UO,  Thv  uppermost  of  the  primary  layers  wc  have  seen 
to  he  epithelial ;  and  we  know  that  the  iii«t  lines  of  the 
cwtnl  nervous  system  are  laid  there.  A  depression  called 
lif  Biedullary  groove  is  the  first  indication  of  the  future 
onlirD-spiiial  axis.  Some  writers — KoUilcer.  for  instance — 
ngud  tJiis  medullnn'  groove  as  continuous  with  hut  different 
bnn  thfl  vpitbclial  layer;  others  maintain  tliat  it  lies  under- 
Mttfa  t]>e  epitholium,  just  as  we  svc  it  in  later  stages,  when 
l^>r  ditfereutialion  l)etween  epithelial  and  nerve-cell  has  taken 
Iwe.     Since  no  one  disputes  the  fact  that  when  the  groove 

*  fLL«xK)Etra«  .'  Uijdin-,  Eiae  Atiatomuch-Entviekeluni/i-UHltriu- 
<«r.  1873,  Ik  II.  EiHiR  :  Zoologitrhe  Sliulim  a^^f  Capri,  1S73.  p.  66. 
AdMiluAxiiuUaniBUFMribeJby  Dr.  .Klimah  in  the  Mjriollitla ;  lis 
r,  tkai  he  b*»  never  Wen  able  to  irace  a  ilirc«t  continuitv  of 
I  lit  UiB  relit  with  uuacLikr  Sbtilt.  He  betievM  thai 
tlii-ir  wiiy  la  ibe  rou«culu  hiycr  thTou;;h  uiiUilTemi- 
liatod  pntoplacm. — Philm.  TVniuaclumj,  voL  clxv.  pL  iL  p.  s;4. 
Aa  inUrtimluie  ilage  between  Uiii  ueuro  iiiiii>cii]Br  tiiwue  tail  tha 
1  tisaUM  Kemi  prM<!nl«i]  iu  thv  Nvmaluid  womi* 
>  Uiat  »^ni]  off  jiiticrMns  iiitn  which  tho  nvrvM  jiwa. 
»  liii  iuability  to  decide  ulii-ll 
■tIw  or  BMTM.     DfTRCIILI  think*  thu  nenn  proom  blfnd«  i 


ir/Ur  niiknu.  AniUomit,  1873,  p.  B9, 


id»i    i 
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becomes  a  closed  canal  its  lining  is  epithelial,  one  of  two  con- 
clusions is  inevitable :  either  the  cells  of  the  primary  layer 
develop  in  the  two  diverse  directions,  epithelial  and  neural;  or 
else  epithelial  cells  can  be  developed  on  the  surfieLce  of  neural 
cells  and  out  of  them.  The  latter  conclusion  is  one  which, 
involving  the  conception  of  transformation,  would  seem  to  be 
put  out  of  court.  I  think,  then,  we  must  admit  that  the  under 
side  of  the  primary  layer  of  cells  becomes  differentiated  into 
nerve-cells ;  and  this  is  in  accordance  with  the  observations 
of  Messrs.  Foster  and  Balfour.* 

111.  While  there  is  this  intimate  morphological  and 
physiological  blending  of  epithelial  and  neural  organites, 
there  is  an  analogous  relation  between  neural  and  muscular 
organites.  As  the  neural  layer  lies  under  the  epithelial,  the 
muscular  lies  under  the  neuraL  The  surface  stimulation 
passes  to  the  centre,  and  is  reflected  on  the  muscles.  Embry- 
ology thus  teaches  why  a  stimulus  from  the  external  medium 
must  be  propagated  to  a  nerve-centre  before  it  reaches  the 
muscles ;  and  why  a  stimulus  on  one  part  of  the  surface  may 
set  all  the  organism  in  movement,  by  passing  through  a 
centre  which  co-ordinates  all  movements.  This,  of  course, 
only  applies  to  the  higher  organisms.  In  the  simpler  struc- 
tures the  sensitive  surface  is  directly  continuous  with  the 
motor  organs. 

It  is  unnecessary  here  to  pursue  this  interesting  branch  of 
our  subject ;  nor  need  we  follow  the  analogous  evolution  oC 
the  second  germinal  membrane  representing  the  Alimental 
System.     Our  attention  must  be  given  to  what  is  known  aa<i 
inferred  respecting  the  elementary  structure  of  the  nerves  aii^i 
centres,  on  which  mainly  the  interest   of  the  psychologists 
settles,  since  to  him  the  whole  of  Physiology  is  merged 
nerve  actions. 


*  "  The  grey  matter  of  the  cord  seems  undoubtedly  to  be  formed 
a  metamorphosis  of  the  external  cells  of  the  epiblast  of  the  neural  tul>^ 
and  is  directly  continuous  with  the  epithelium  ;  there  being  no  stro:**^ 
line  of  demarcation  between  them." — Op,  cxU,  p.  185. 
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CHAPTER  VU. 

ITART  STRUCTURE   OF  THE   NERVOUS  SYSTEM. 

I  Tun  progrees  of  science  involves  an  ever-increasinj{ 
■M.  Investignttoii  is  more  aad  more  dti-ected  towiinls 
pftnud  details  of  the  phenomena  previously  studied  as 
i:  the  obsen'ed  facts  are  resolved  into  their  component 
I,  complex  wholes  into  their  simpler  elements,  the 
■n  into  orgnnfl  and  tissues.  But  while  the  analytical 
B  is  thus  indispensable,  it  is,  as  1  have  often  to  insist, 
irilh  »n  att^^ndant  danger,  namely,  that  in  drawing  the 
ino  Away  from  one  group  of  factors  to  fix  it  exclusively 
ttwr,  there  is  a  tendency  to  foi^t  thia  arlilice,  and  in- 
if  testoriii}!:  the  factors  provisionally  left  out  of  account, 
ienipt  a  reconstruction  in  ohlivion  of  these  omitted 
I  Ilenoe,  instead  of  studying  the  properties  of  a  tissue 
tbe  elements  of  that  tissue,  and  the  functions  of  an  organ 
inatomical  connections  of  that  organ,  a  single  element  of 
ne  is  made  to  replace  the  wliok-.  and  very  soon  the  func- 
l  the  ot;gBn  is  assigned  to  this  jiarticiilar  element.  The 
BMitMin  of  the  nerve-cell "  is  a  striking  illustration. 
iH  baa  usurped  tlie  place  of  the  tissue,  and  has  come  to 
lil<4  with  central  functions ;  so  that  wherever  anato- 
have  detected  ganglionic  cells,  physiologists  hava  not 
bed  to  place  central  functions.  By  such  interpn.-tii- 
|be  heart  and  intc:4tines,  the  glands  and  hlond-vessels, 
toroaeously  I  think,  their  actions  assigned  to  ganglionic 


'  to  point  out  tbe  radical  misconception 
thus  vitiateE  a  great  mass  of  anatomical  exposition  and 
logical  speculation.     I  only  call  the  reader's  uLteution 
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to  the  point  at  the  outset  of  the  brief  survey  we  have  now  to 
make  of  what  is  known  respecting  the  elementary  structure 
of  the  nervous  system, 

DIFFICULTIES   OF   THE  INVESTIGATION. 

113.  So  great  and  manifold  are  the  difficulties  of  the  seaicb, 
that  although  himdreds  of  patient  observers  have  during  the 
last  forty  years  been  incessantly  occupied  with  the  elemen- 
tary structure  of  the  nervous  system,  very  little  has  been 
finally  established.      Indeed  we   may  still  repeat  Lotie's 
sarcasm,  that  "  microscopic  theories  have  an  average  of  five 
years'  duration."    This  need  not  damp  our  ardour,  though  it 
ought  to  check  a  too  precipitate  confidence.     Nothing  at  the 
present  moment  needs  more  recognition  by  the  student  than 
that  the  statements  confidently  repeated  in  text-books  and 
monographs  are  very  often  for  the  most  part  only  ingenious 
guesses,  in  which  Observation  is  to  Imagination  what  the 
bread  was  to  the  sack  in  Falstaifs  tavern  bill    Medical  m^ 
and   psychologists  ought  to  be  warned    against  foundii^ 
theories  of  disease,  or  of  mental  processes,  on  such  very 
insecure  bases ;  and  physiological  students  will  do  well  to 
remember  the  large  admixture  of  Hypothesis  which  every 
description  of  the  nervous  system  now  contains.      Not  that 
the  potent  aid  of  Hypothesis  is  to  be  undervalued ;  but  its 
limits  must  be  defined.     It  may  be  used  as  a  finger-post,  not 
as  a  foundation.     It  may  suggest  a  direction  in  which  truth 
may  be  sought ;  it  cannot  take  the  place  of  Observation.    It 
may  link  together  scattered  facts,  it  must  not  take  the  place 
of  a  fact.    We  are  glad  of  corks  until  we  have  learned  to 
swim.    We  are  glad  of  a  suggestion  which  will  for  the  nonce 
fill  up  the  gaps  left  by  observation,  and  hold  the  facts  intel- 
ligibly together.     And  both  as  suggestion  and  colligation. 
Hypothesis  is  indispensable.      Indeed  every  discovery  is  a 
verified  hypothesis ;  and  there  is  no  discovery  until  verifica- 
tion has  been  gained :  up  to  this  point  it  was  a  guess,  which 
might  have  been  erroneous — a  torchbearer  sent  out  to  look 
for  a  missing  child  in  one   direction,  while    the  child  was 
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taotlier;  only  when  he  fiiuls  the  chiM  cnn  wa 

pdge  that  the  torchbearer  pursueii  the   right  path. 

ftalLtfies  the  intellectual  need  of  an  explanation, 

t  be  wary  lest  we  accept  this  fulfllment  of  a  need 

raleat  to  an  enlargement  of  knowledge ;   we  must 

Ipt  explanation  as  demonstration,  and  suppose  that 

II  form  a  mental  picture  of  the  possible  sttigcs 

therefore  this   picture  repreaeuts    the   actual 

Let  US  bo  alert,  forewarned  agaiust  the  tendency  to 

in  support  of  a  conclusion,  instead  of  seeking 

Id  the  concluaioa  step  by  step  from  the  evidence, 

for  eA'idence  in  support  of  a  (/ucss  is  very  different 

iag  it  in  su[)port  of  a  r-oivlusion ;  which  latter  prac- 

ke  thut  of  (leople  asking  advice,  and  only  following 

it  chimes  in  with  their  desires. 

b  not  the  warning  needed,  when  we  find  anatomists 

fay   certain  "  physiological   postulates,"   and   conse- 

tuiny  only  what  these   postulates   demand  7      For 

there  ia  tlie  postulate   of   "  isolated   couduction," 

said  to  require  tliat  every  nerve-fibre  should  pursue 

singly  from  centre  to  periphery.     Accordingly  the 

deflciibed  as  unbranched.     Whatever  may  be  the 

of  ibe  postulate,  or  the  felt  necessity  of  the  deduc- 

fftCt  is  thiit  nerve-fibres  do  branch  off  during  their 

various  points;  nay,  it  is  doubtful  whether  any 

Bbre  is  unbranched.     Otiier  postulates  demand  what 

gly  denies.     It  is  said  to  be  "  necessary ''  that  every 

Id  have  at  least  two  fibres,  and  that  sensory  and  motor 

*  1  be  directly  connected  through  their  respective 

things  amnot  be  seen,  but  they  are  described 

beaitatiDg  precision.      Diagrams   ore   published   in 

MBSory  fibres  pass  into  the  cells  of  the  posterior 

he  Spinal  cord,  and  these  ceUa  send  off  prolongations 

Da  of  the  anterior  horn,  and  thence  the  motor  fibres 

to  the  niuscU'.s:  an  absolutely  im)His.';iblc  arrange- 

Bording  to  our  present  data!     Again,  the  postulate 

9P-SdKe  originates  in  the    cells,  and  that    nen'e- 
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functions  depend  on  cells,  required  that  the  cells  should  he 
most  abundant  where  the  function  was  most  energetic.  Of 
course'  they  were  found  most  abundant  in  the  required  places 
— no  notice  whatever  being  taken  of  the  facts  which  directly 
contradicted  the  deduction. 

115.  Among  the  serious  obstacles  to  research  we  must  ■ 
reckon  this  tendency  to  substitute  Imaginary  Anatomy  for  ; 
Objective  Anatomy.  I  am  conscious  of  the  tendency  in  my- 
self, as  I  note  it  in  others ;  and  have  constantly  to  straggle 
against  it,  though  not  perhaps  always  aware  of  it.  Many  a 
time  have  I  had  to  relinquish  plausible  explanations,  which 
would  have  supported  my  speculations  could  I  but  have 
believed  that  they  represented  the  facts ;  but  being  unable  to 
believe  this,  I  had  to  remember  that  hypotheses  and  expla^ 
nations  appear  and  disappear— only  the  solid  fact  lives.  If 
there  is  one  lesson  emphatically  taught  by  Philosophy,  it  is 
the  unwisdom  of  founding  our  conclusions  on  our  desires 
rather  than  on  the  objective  facts. 

116.  In  the  following  pages  a  constantly  critical  attitude 
is  preserved :  this  is  simply  to  keep  active   the  sense  of 
how  much  is  still  needed  to  be  done  before  a  satisfactory 
theory  of  the  nervous  system  can  be  worked  out.     The  objec- 
tive difficulties  are  greater  than  in  any  other  department  of 
Anatomy.     The  problem  is  to  form  a  precise  picture  of  what 
the  organites  are,  and  of  how  they  are  arranged  in  the  living 
tissue ;  yet  our  present  means  of  investigation  involve  as  a  pre- 
liminary that  we  should  alter  that  arrangement,  removing  some 
elements  of  the   tissue,  and  changing  the  state  of  otheis, 
without  knowing  what  were  their  precise  state  and  arrange- 
ment before  the  change.     Place  a  piece  of  nerve-tissue  under 
the  microscope,  without  having  subjected  it  to  various  mechani- 
cal and  chemical  operations,  and  you  can  see  next  to  nothing 
of  its  structure.     You  must  tear  the  parts  asunder,  and  remove 
the  fat  and  nerve-sap  (plasmode)  before  you  can  see  anything 
you  must  coagulate  the  albumen,  and  otherwise  chemicalb 
alter  the  substances  before  a  thin  section  can  be  made ;  yoi 
must  get  rid  of  the  tissues  in  which  it  is  embedded,  with 
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M  knffH'ing    wli&t    an;    tlic    connections  thus    destroyctl. 

liriBp  neurinu  has  no  grentcr  cfmsiatence  than  crenm,  ollen 

M  greater  thiui  oil.     How,  then,  ca.\\  thin  sections  be  mude 

iBIil  tliis  viscid  substance   has  Wen  hardened  hy  alcohol 

r  *cidsj      Hut  aubstances  thus  acted  on   lose  their  con- 

lilaeiit  water,  which  can  no  more  be  removed  without  altera- 

DB  of  [heir  stnictnre,  than  it  can  be  removed  from  certain 

iha  without  deslnictiwn  ot  their  special  properties.     Losbg 

r  inU£r  alone,  they  become  deformed.     Tbey  lose  much 

Sometimes  the  loss  can  be  estimated,  as  in  the  case 

k  liyaliiic  aubstanca  investiug  the  nucleus  during  the 

H  t>r  M^i'ntation  in  embryonic  cells,  which  may  he 

to  di.«*ppear  when  a  weak  sohitirm  or  neid  is  applied.* 

:  limes  we  are  unable  to  say  what  has  disappeared. 

[  diOeieot  modes  of  preparation  very  difTerent  appear- 

•  obscired,  and  anatomists  are  acconlingly  at  vari- 

Yrt  tinless  some  hardening  method  be  ailopted  Utile 

wcol     Stilling,  who  has  given  his  life  to  the  study, 

*  that  no  results  are  rehable  which  are  obtained  from 

p|V«p*ied  tissue,  because  the  mechanical  isolation  of 

s  destroys  the  textural  arrangemcnt.t     There  ia 

of  hardetiing,  and  only  one.  which  we  c^in  be  cer- 

I  not  chemically  alter  the  stnicture.  nud  that  is  Uir 

ig  method.     The  experiments  of  Br.  Weir  Mit^^^hell  and 

ttchanlson  prove  this,  because  tbey  prove  that  the  hrain 

lli%'ing  animal  may  be  frozen  and  frozen  again  and  a^nin, 

ir  its  vital  activity  when  thawed.     Professor  Ituther- 

8  invented  an  adniimble  instnimcnt  tor  making  «cc- 

of  the  frozen   tissue,   of  any  delicacy  that  may  be 

;  Imt  with  the  thinnest  section  there  will  still  lie 

B  dlflicaUies  of  observation,  unless  the  tissue  has  under- 

iS  ttjtining  pnKcss.    Whatever  is  seen,  however,  in  the 

e  U  to  he  aeccpted  iw  normal. 
L  Two  points  must  lie  determined  Ifefnrc  reliance  can 
lead  on  observations  of  tissues  chemically  acted  on: 
>  IkMUM  :  ilMt  rt  PhgnoL  CtHulairt*.  p.  332. 
^  8nu.tN0 :   tSau  drr  NtrBttijmmiUv-Fatrm,  1856^  p.  t6. 
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First,  we  must  prove  that  the  forms  now  visible  existed 
before  the  preparation — the  chemical  action  merely  unyeil- 
ing  them ;  secondly,  we  must  estimate  the  part  played  by  the 
elements  which  have  been  removed  in  order  to  make  the  rest 
visible.  We  know,  for  example,  that  the  nucleus  often  ejasts 
in  the  cell,  though  an  acid  may  be  needed  to  make  it  visihle. 
We  also  know  that  cells  which  during  life  are  quite  free  &om 
visible  granules  are  distinctly  granulated  after  death,  even 
without  external  chemical  action.  Imagine  the  explanation 
of  a  steam-engine  to  be  attempted  by  first  taking  it  to  pieces, 
and  examining  these  pieces,  with  no  account  of  the  coals  and 
steam  which  had  previously  been  removed  in  order  to  facili- 
tate the  examination.  When  we  know  the  part  played  by 
coals  and  steam,  we  may  disregard  these  items  of  the  actire  ] 
machine.  So  when  we  know  the  part  played  by  water,  fat, 
amorphous  substance,  and  plasmode,  we  may  describe  nerve- 
tissue  without  taking  these  into  account. 

118.  ''You  have  convinced  me,"  said  Basselas  to  Imlac, 
"  that  it  is  impossible  to  be  a  poet."    My  readers  may,  pe^ 
haps,  infer  from  this  enumeration  of  the  difficulties  that  a 
knowledge  of  the  minute  anatomy  of  the  nervous  system  is 
impossible.    Not  so ;  but  a  knowledge  of  these  diflBculties 
should  impress  us  with  the  necessity  for  a  vigilant  scepticisin, 
and  the  search  after  new  methods.     If  the  difficulties  are 
fairly  faced,  they  may  be  finally  overcome.     What  we  must 
resign  ourselves  to  at  present  is  the  conviction  that  our 
knowledge  is  not  sufficiently  accurate  to  be  employed  as  a 
basis  of  deduction  in  the  explanation  of  physiological  and 
psychological  processes.* 

119.  Having  said  so  much,  let  me  add  that  there  are  some 
positive  materials,  and  these  yearly  receive  additions.    The 

•  "  There  was  a  time,"  says  Kollirer,  "  when  I  confidently  belieyed 
that  an  hypothetical  explanation  of  the  arrangement  of  elements  in  the 
spinal  cord  could  be  grounded  on  a  basis  of  fact ;  but  the  deeper  my 
insight  into  the  minute  anatomy,  the  less  my  confidence  became  ;  and 
now  I  am  persuaded  that  the  time  is  not  yet  come  to  frame  such  an 
hypothesis." — Gewehelehre,  5te  Auf.  1867. 


TUK  KEBVOUS  MECHANISM.  229 

v^uiim  Are  described  with  a  general  agreement  as  to  their 
aHii|ii»itton  and  structure — although  there  is  much  that  is 
Ijivxbcucal  even  here.  I^eurine  is  known  luider  tw<i 
wftta :  tlie  amorjihouR  and  the  figured.  The  figured,  wliich 
B  the  better  known,  comprises  cells  of  different  kinds,  fibres 
'il  fibrils  Tlio  ainurpliuua, more  generally  called Nmroglia, 
-  nen-c-cement,  is  less  understood,  and  is  indeed  by  many 
lulMrities  excluded  altogether  frum  the  nerve-tissue  proper, 
|I  id^ited  to  the  class  of  connective  tissues. 


THE  NEBVE-CELL. 

■120.  It  is  nnrortotiate  that  the  term  nerve-cell  is  applied 
\  of  very  variable  structure.  Nerve-cell  is  a 
I  of  which  the  species  are  many;  under  it  are 
t  organit«3  in  different  stages — as  infancy,  child- 
9  natihood  are  all  included  under  Man.  Most  com- 
vtmAj  liy  ntirve-cell  is  understood  the  ganglionic  corpuscle, 
I  in  its  size  and  tta  prolongations,  such  as  it 
s  in  the  great  centres,  and  in  ganglia.  It  also  destg- 
MtM  smaller  different  organites,  sometimes  called  "nuclei" 
tttnU^  aoinetiinea  grains  (Komer).  There  woidd  be  advan- 
'*^  u  ileaignating  the  earlier  stages  as  nruroUasU,  reserving 
JTWord  eelli  for  the  more  devtdoped  forms.  Such  a  dis- 
.::i(tinn  would  facilitate  the  discussion  of  whether  nerve- 
bins  bod  or  ha>]  not  their  origin  in  cells ;  because  while  I, 
br  one,  Bee  very  coercive  evidence  against  the  accepted 
Botiau  tlut  all  the  fibres  have  their  origin  in  the  processes  of 
fugUooie  corpiLKloi,  I  see  no  reason  to  doubt  that  both 
fibres  sod  coipuscles  have  their  origin  in  neuroblasLs.     Of 

Tbe  cell  is  a  composite  organite,  the  primary  element 

'iiiK  a  microscopic  maas  of  protoplasm,  or  what  may  more 

nveoiently  be  termed  nturoplasm.      It  appear?  as  finely 

-^uinlatoil  and  striated  or  fibrQlated  substance  on  a  hyaline 

-'"tiod,  with  wut«r,  fat,  and   dilTuscd  pigment  in   varying 

Tbe  cell  contains  a  nucleus,  and  nucleolus — 
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sometimes  two.  like  other  animal  cells,  it  someUma 
a  distinct  cell-wall,  sometimes  not.  Its  size  and  sba[ 
variable:  sometimes  distinctly  visible  to  the  naked 
generally  visible  only  under  the  microscope."     It  is  f 


Pip.  t6.—yfrvt-erHfl-eotr 


oval,  pyramidal,  club-shaped,  pear-shaped,  or  many-cor 
It  has  one,  two,  three,  or  many  outgrowths  called  "  proo 


*  In  the  Gasteropoda  the  celU  r 
niiUiniitn:}. 


ngt  from  230  fi  to  3  fi  (^ 
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and  according  to  the  processes  it  is  known  as  unipolar, 
bipolar,  and  multipolar.  When  there  are  no  processes  the 
ceU  is  called  apolar.  Some  idea  of  these  processes  may  be 
formed  if  they  are  likened  to  the  pseudopodia  of  Amcete 
and  Foraminifera.  Compare  fig,  i6,  a  nerve-ceU,  figured  by 
Gerlach,  with  fig.  17,  one  highly  magnified,  in  which  Max 
Schultze's  hypothesis  is  represented. 

121.  Such  is  a  general  description  of  the  nerve-cell  as  it  is 
seen  in  various  places,  and  under  various  modes  of  prepaia- 
tion.    How  much  is  due  to  preparation  we  cannot  positiyely 
say.    While  we  always  discover  fibrine  in  the  blood  after  it 
is  withdrawn  from  the  vessels,  we  know  that  fibrine  as  such 
does  not  exist  in  the  circulating  blood.    And  if  neurine  is  a 
semi-liquid  substance,  we  may  doubt  whether  in  the  living 
cell  it  is  fibrillated.    Doubts  have  been  thrown  even  on  the 
normal  existence  of  the  granular  substance,  which  has  been 
attributed  to  coagulation.     Thus  we  know  that  the  nucleus 
of  the  white  blood-corpuscle  appears  perfectly  homogeneous 
until  subjected  to  heat,  yet  at  a  certain  temperature  (86*  F.) 
it  assumes  the  aspect  of  a  fine  network.      Haeckel  observed 
the  hyaline  substance  of  the  neurine  in  crayfish  become 
troubled  and  changed  directly  any  fluid  except  its  own  blood- 
serum  came  in  contact  with  it.     Leydig  noticed  the  trans- 
parent gcmglion  of  a  living  Daphnia  become  darker  and 
darker  as  the  animal  died ;  and  I  saw  something  like  this, 
after  prolonged  struggles  of  a  Daphnia  to  escape  from  a 
thread  in  which  its  leg  was  entangled.      Charles  Bobin, 
indeed,  asserts  that  the  passage  from  the  hyaline  to  the 
finely-granulated  state  is  a  characteristic  of  the  dying  celL* 

*  Haeckel:  Midlers  Archiv,  1857.  Letdio  :  Vom  £au  des  thieri' 
schen  Klirpers,  1864,  i.  84.  Robin  :  AncU.  et  PhytioL  CellulaireMy  p.  89. 
Should  the  observations  of  Heitzhann  be  confirmed,  there  would  be 
ground  for  believing  that  neurine  is  normally  fibrillated.  He  says  that 
the  living  protoplasm  in  the  Amoeba,  ivhite  blood-corpuscle,  &c.,  is  an 
excessively  fine  network,  which  condenses  into  granules  at  each  contrse- 
tion.  (Cited  in  the  Jahrahericktt  iiher  Anat.  und  Physiol,^  1873,  Bd.  iL) 
Walther,  who  examined  frozen  brains,  describes  the  cells  as  quite  tran^ 
parent  at  first,  with  very  rare  granules,  but  gradually  while  under  obfle> 
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On  the  other  band,  it  should  be  noted  that  Max  Schultze 
I  describn  a  fibrillated  appearance  in  cells  just  removed  Irom 
1 1^  liTiDg  animal,  and  placed  in  serum. 

When,  therefore,  one  observer  describes  the  neuroplasm  as 

|king  clear  as  water,  another  as  hoely  granular,  and  a  third 

•  fibriUated,  we  must  conclude  that  the  observations  refer 

i,  1°,  under  different  states  of  vitalisation,  or,  2°,  under 

BDt  modes  of  preparation.     On  the  first  head  we  note 

•  nerve-cells  are  so  perisliable  that  Trinchese  de- 

I  he  could  find  no  cells  Jn  the  ganglia  of  a  cuttlefish 

1  been  dead  twenty-four  hours,  although  they  were 

^  Id  one  recently  killed.*     On  the  second  head  we 

e  changes  wrought  by  modes  of  preparation  can- 

X  out  of  consideratiou,     Auerbach  notices  that  the 

res  apparent  in  the  jdcrus  myenterkus  after  an  acid 

^lied,  cannot  be  detected  before  tliat  application 

1  visible  but  a  pale  gelatinous  network,  with  here 

I  knota  of  a  paler  hue ;  and  I  remember  my  ^nirprise 

lug  llio  fresh  spinal  cord  of  a  duck-embryo,  and 

I  tncc  of  cells  such  as  1  had  that  very  morning 

1  the  coni  of  a  chick  of  earlier  date,  but  which  had 

oaked  in  weak  bichromate  of  potash.     Kow  we  have 

nt  grounds  for   believing   that   in    both  cases  these 

B  were  present,  and  that  it  was  the  reagent  which 

il  their  presence  in  the  chick ;  and  so  in  other  cases 

E  whetlier  the  forms  which  appear  under  a  given 

t  preparation  are  simply  unmasked,  or  are  in  truth 

by  the  reagent?     This   question   we  can  rarely 

If  Doe  of  the  very  lai:ge  cells  be  taken  from  the  ganglion 
of  a  living  mollusc,  and  be  gently  pressed  till  it  bursts,  the 


Irtiiitt*  pmnlra  becanie  more  nntneroUB :  Cmtraiblalt,  186S,  p.  459. 
Aecaribig  10  Mactsskr  :  BtitrUga  mr  A'timfnui  itr  morphologitdrn 
gltmmU  tUi  StrrtntyiUm,  1861,  {i,  41,  neuriiie  tuu  Uirce  cordiiial 
I-  iiiw     riiiMjKinir.  fioal;  grsnolaf,  and  coorMl;  gnnulnr. 
*  TBOKmm  :  Stntlura.  dtl  tutana  ixmw  dti  Ctfalopudi,  Florence, 


/" 
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discharged  contents  will  be  seen  to  be  of  a  hyaline  visci 
substance,  with  fine  granules  but  no  trace  of  fibres.  Yet  wi 
must  not  rashly  generalise  from  this,  and  declare  that  in  tlj 
vertebrate  cells  the  substance  is  not  also  fibrillated.  As 
good  deal  of  speculation  rests  on  the  assumption  of  tli 
fibrillated  cell-contents,  I  have  thought  it  worth  while  1 
note  the  uncertainty  which  hovers  round  it. 

122.  Among  the  uncertainties  must  be  reckoned  tl 
question  as  to  the  cell-processes.  The  existence  of  apolt 
and  unipolar  cells  is  flatly  denied  by  many  writers,  wh 
assert  that  the  appearances  are  due  to  the  fragility  of  the  pro 
cesses.  Fragile  the  processes  are,  and  evidence  of  their  having 
been  broken  off  meet  us  in  every  preparation ;  but  the  denial 
of  apolar  and  unipolar  cells  seems  to  me  only  an  example  o( 
the  tendency  to  substitute  hypothesis  for  observation  (§  114). 
The  "  postulate  "  which  some  seem  to  regard  as  a  "  necessity 
of  thouglit "  that  every  nerve-cell  shall  have  at  least  two 
fibres,  one  ingoing,  the  other  outgoing,  is  allowed  to  override 
the  plain  evidence.*  It  originated  in  the  fact  first  noticed 
by  Wagner  and  Charles  Eobin  that  certain  cells  in  the 
spinal  ganglia  of  fishes  are  bipolar.  The  fact  was  rapidly 
generalised,  in  spite  of  its  not  being  verified  in  other  places; 
the  generalisation  was  accepted  because  (by  a  strange  process 
of  reasoning  running  counter  to  all  physiological  knowledge)  it 
was  thought  to  furnish  an  elementary  illustration  of  the  reflex 
process.  As  the  centre  had  its  ingoing  and  outgoing  nerve, 
80  the  coll  was  held  to  be  a  centre  "  WTit  small,"  and  required 
its  two  fibres.  No  one  paused  to  ask,  how  a  cell  placed  in 
the  trtu'k  of  an  ingoing  nerve  could  fulfil  this  oflBceof  a  reflex 
conln^ ;  no  one  supposed  that  the  portion  of  the  sensory  fite^ 
which  ixnitiiuuHl  its  course,  after  the  interruption  of  the  cell 
W5U>  a  motor  fibiv. 

What  diH^s  OWorvatiou  teach  ?     It  teaches  that  at  first  a3 

*  An  ^'minmt  fn^nd  of  mine  was  one  dar  inaistinsr  to  me  thattl^ 
|^h>  s^iouyicAl  |Hv$tnUte  m«\le  it  im^^\$Adh>  for  a  nen'e-cell  to  be  witlw^^ 
U»  \nv:\'in^c  i^nd  out^nn^*  txVrx^  :  aud  he  tras  not  a  little  astounded  wh^ 
I  uvU\\i«  "^  Cvuuc  into  m^^  workrvvm  and  I  will  show  you  a  thousands 
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re-cells  are  apolar.  Evt-u  iu  ihe  cortex  of  the  cerebnim, 
iR(iml*r8s  we  include  the  nuclei  and  grain-like  corpusolea 
er  cellfi)  all  tlie  cells  are  finally  multipolar,  there  b  not 
vhich  baa  a  process,  up  to  the  seventh  or  eighth  day  of 
iuD  (in  the  chick) ;  I'rom  tluit  day,  and  onwards,  cells 
oue  process  appear ;  later  on,  cells  with  two,  and  later 
with  three.  By  this  lime  all  the  apolar  cells  have 
ipeared.  They  muy  therefore  bo  regarded  as  cella  in 
'  iiifancy.  However  that  may  he,  we  must  accept  tJie 
that  apolar  cells  exist;  whether  they  can  co-operalo 
iMurai  functions,  is  a  question  which  must  be  decided 
tlie  mode   of  operation  of  cells  is  placed  beyond  a 

133.  If  aiK>lar  cells  are  embryonic  forms  of  cells  which 
nroTcis  become  mullii>olar,  this  interpretation  will  not 
Im  for  the  unipolar  cells.  They  are  not  only  abundant, 
tK  mature  forms  iu  some  organs,  and  in  some  animals  ; 
Bgh  in  some  origans  they  may  truly  be  regarded  as  em- 
tnic.  Thus  iu  the  human  embryo  up  to  the  fourth 
■tk  all  the  cells  of  the  spinal  cord  are  said  to  be  unipolar,* 
r  OQ  they  become  multipolar.  But  in  birds,  rabbits,  dogs. 
,  even  man,  the  cells  in  the  spinal  ganglia  are  mainly  (if 
vbolly)  unipolar ;  I  nor  is  there  any  difficulty  in  observ- 
ilbe  same  fact  in  the  oesophageal  ganglia  of  mulluacs  (si^ 
M).- 

OVT  in  rirckau^M  Areiiv,  1875,  \x'iv.  [1.  431. 

{(<Vl«r  tinra  Plteut  Mytntiricu*.    1862]  JeacriW   ilia 
vriib  apoUr  c«lls,  among  wbicli  only  a  tew  are  anipohir. 
iltunntyitem  der    Ptt/ff,  1S68]  find*  both   apolar  anil 
Rib  in  lh«  ipiiiAl  g«ni;lin  of  UfiIn    Axuanx  {D*  aangliarum 
\ltiStTiutuTaptniliori,i8i7)ii}'  'I'e  apinal cells arealluDipoUr. 
iAis%  (Atki*  /Ur  ntirof.  Anal.,  1868)  and  Cdd &v oiBi K r  (ibuL, 
ijrttMiMuu.     SobIm  Ranvikk:  r7(Hn;i(^<A>n</u«,  1875.    KOlu- 
iOnrtttUJLrt)  tptaLa  ilecidedlj-  in  fuvour  of  Iwlh  B)Hiliir  and  uiii- 
ntb,  IhiI  thinks  tlio  apolar  oru  I'nibryonic     PAOLIAail  (Sagyia 
Slaio  tUtuali  delU  Cognixioni  della  FUiologta   intamo  ol  HitUnta 
873J.  **l)u  tcpreMiiti  iLa  views   uf  Moliucbott,  aiimil*  tlie 
uf  aitolor  ddJ  uoipolu  cclla.    Tits  autlion  just  citvd  on  thnao 
Ut  hare  Uefutv  ui«  Jurtnj;  lliii  ntvrnliiig  of  tliis  diaphif,  and 
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Such  are  the  observations.    They  have  indeed  been  fo: 
into  agreement  with  the  bipolar  postulate,  by  the  assmnp^f 
that  the  single  process  branches  into  two,  one  afferent,  t 
other  efferent.*     But  before  making  observation  thus  pilars/ 
to  suit  hypothesis,  it  would  be  well  to  look  more  closeJ^ 
into  the  evidence  for  the  hypothesis  itself.    For  my  own  parfc 
I  fail  to  see  the  justification  of  the  postulate ;  whereas  tb^ 
existence  of  unipolar  cells  is  an  observation  which  has  beei» 
amply  verified. 

124.  Bipolar  cells  aboimd ;  multipolar  cells  are  still  more 
abundant ;  and  these  are  the  cells  found  in  the  grey  substance 
of  the  neural  axis.     Deiters,  in  his  epoch-making  work,t  pro- 
pounded an  hypothetic  schema  which  has  been  widely  ac- 
cepted.   Finding  that  the  large  cells  in  the  anterior  horn  of  the 
spinal  cord  gave  off  processes  of  different  kinds,  one  branched, 
the  other  imbranched,  he  held  that  the  latter  process  was  the 
origin  of  the  axis  cylinder  of  a  nerve-fibre,  whereas  the  branched 
process  was  protoplasm  which  divided  and  subdivided,  and 
formed  the  connection  between  one  cell  and  another.    Grerlach 
has  modified  this  by  supposing  that  the  minute  fibrils  of  the 
branching  process  reunite  and  form  an  axis  cylinder  (fig.  18). 
There  is  no  doubt  that  some  processes  terminate  in  a  fine 
network  ;   and  there  is   a  probability  (not  more)  that  the 
unbranched    process  is    always   continuous   with  the  axis 
cylinder  of  a  motor  nerve,  as  we  know  it  sometimes  is  with 
that  of  a  dark-bordered  fibre  in  the  white  substances.     This, 
though  probable,  is,  however,  very  far  from  having  been  de- 

the  list  might  easily  be  extended  if  needful.  Auerbach,  Bidder, 
and  Schweiqger-Seidel  describe  unipolar  cells  which  in  some  places 
present  the  aspect  of  bipolar  cells  sim])ly  because  two  cells  lie  together, 
their  single  poles  having  opposite  directions.  I  will  add  that  the 
bipolar  cells  do  not  really  render  the  physiological  interpretation  a  whit^ 
more  easy  than  the  unipolar,  for  they  are  simply  cells  which  fomu 
enlargements  in  the  course  of  the  nerve-fibres. 

•  When  Dr.  Beale  says  "  that  it  is  probable  no  nerve-cell  exists 
which  has  only  one  singU  fibre  connected  with  it"  (Bioplasm,  p.  186)9 
he  has  no  doubt  this  in  his  mind  ;  since  he  would  not,  I  presume,  den3r 
that  there  are  cells  each  with  a  single  process. 

t  Deitsrs  :  UntersMchungen  iibtr  Qehim  und  RUchenmarky  1865. 
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monstrated.  Once  or  twice  Kolliker,  Max  Scliultze,  and  G 
lach  have  followed  this  unbranched  process  as  far  as  the  r 
of  a  motor  nerve  ;  and  they  infer  that  although  it  could  not 
traced  further,  yet  it  did  really  join  an  axis  cylinder  th( 
In  support  of  this  inference  came  the  observations  of  Kosch 
nikoff  *  that  in  the  cerebrum  and  cerebellum,  processes  v 
twice  seen  continuous  with  dark-bordered  nerve-fibres.  1 
the  extreme  rarity  of  such  observations  amid  thousands 
cells  is  itself  a  ground  for  hesitation  in  accepting  a  general! 
interpretation,  the  more  so  since  we  have  Henle's  observai 
of  the  similar  entrance  of  a  branched  process  into  the  ro 
Now  it  must  be  remembered  that  the  branched  process  ij 
no  anatomist  at  present  regarded  as  the  origin  of  the 
cylinder ;  so  that  if  it  can  enter  the  root  without  being 
origin  of  a  nerve-fibre,  we  are  not  entitled  to  assume  that 
entrance  of  the  unbranched  process  has  any  other  sig 
cance  (on  this  head  compare  §  145),  especially  when 
reflect  that  no  trustworthy  observer  now  professes  to  1 
followed  a  nerve-fibre  of  the  posterior  root  right  in 
multipolar  cell  Figures,  indeed,  have  been  published  w 
show  this,  and  much  else;  but  such  figures  are  diagi 
not  copies  of  what  is  seen.  They  belong  to  Imagi 
Anatomy.  {  The  relation  of  the  cell-process  to  the  w 
fibre  will  be  discussed  anon. 

125.  A  word  in  passing  on  the  contradictory  asser 
respecting  the  anastomosis  of  nerve-cells.      That  the 
substance  forms  a  continuum  of  some  kind  is  certain  fron 
continuity  of  propagation  of  a  stimulus.     But  it   is   b 

*  Archiv  fiir  mikros,  Anat.^  1869,  p.  217.      Compare  also  Bm 
Archiv  fur  Psychiairie^  1872,  p.  584. 

t  Henle  :  ^ervenUhrCy  1871,  p.  58,  fij]f.  21. 

X  When  men  of  such  experience  and  skill  as  Kolliker,  Bidder, 
and  LocRHART  Clarke  declare  that  they  have  never  seen  a  cell-p 
pass  directly  into  a  dark-bordered  fibre  in  the  anterior  root,  what  a 
to  say  to  such  figures  and  descriptions  as  those  given  in  the  woi 
Schrodkr  van  der  Kolk,  Gratiolet,  and  Lurs?  Even  did  su 
rangements  exist,  no  transverse  nor  lonf^itudinal  section  could  d 
them,  owing  to  the  different  planes  at  which  the  fibres  enter,  ai 
length  and  irregularity  of  their  course. 
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monstrated.     Once  or  twice  Kolliker,  Max  Scliultze,  and  G^^ 
lach  have  followed  this  unbranched  process  as  far  as  the  r(H^ 
of  a  motor  nerve  ;  and  they  infer  that  although  it  could  not  b^ 
traced  further,  yet  it  did  really  join  an  axis  cylinder  there. 
In  support  of  this  inference  came  the  observations  of  Koschen- 
nikoff  *  that  in  the  cerebrum  and  cerebellum,  processes  were 
twice  seen  continuous  with  dark-bordered  nerve-fibres.    But 
the  extreme  rarity  of  such  observations  amid  thousands  of 
cells  is  itself  a  ground  for  hesitation  in  accepting  a  generalised 
interpretation,  the  more  so  since  we  have  Henle's  obse^^'ation 
of  the  similar  entrance  of  a  branched  process  into  the  roott 
Now  it  must  be  remembered  that  the  branched  process  is  by 
no  anatomist  at  present  regarded  as  the  origin  of  the  axis 
cylinder  ;  so  that  if  it  can  enter  the  root  without  being  the 
origin  of  a  nerve-fibre,  we  are  not  entitled  to  assume  that  the 
entrance  of  the  unbranched  process  has  any  other  signifi- 
cance (on  this  head  compare  §  145),   especially  when  we 
reflect  that  no  trustworthy  observer  now  professes  to  hare 
followed  a  nerve-fibre  of  the  posterior  root   right  into  a 
multipolar  cell.     Figures,  indeed,  have  been  published  which 
show  this,  and  much  else;  but  such  figures  are  diagrams, 
not    copies   of  what  is   seen.      They  belong  to   Imaginary 
Anatomy.  J     The  relation  of  the  cell-process  to  the  nerve- 
fibre  will  be  discussed  anon. 

125.  A  word  in  passing  on  the  contradictory  assertions 
respecting  the  anastomosis  of  nerve-cells.  That  the  grey 
substance  forms  a  continuum  of  some  kind  is  certain  from  the 
continuity  of  propagation  of  a  stimulus.     But  it  is  by  no 

*  Archiv  fur  mikros,  Aiiat,^  1869,  p.  2 1 7.  Compare  also  Butzkb: 
Archiv  fiir  Psychiatrie,  1872,  p.  584. 

t  IIenle  :  Nervenlehrty  187 1,  p.  58,  fij]f.  21. 

J  When  men  of  such  experience  and  skill  as  Kolliker,  Bidder,  Gotii 
and  LocKiiART  Clarke  declare  that  they  have  never  seen  a  cell-pToccs* 
pass  directly  into  a  dark-bordered  fibre  in  the  anterior  root,  what  are  wc 
to  say  to  such  figures  and  descriptions  as  those  given  in  the  works  of 
Schrodkr  van  dkr  Kolk,  Gratiolet,  and  Lurs?  Even  did  suchitf- 
rangements  exist,  no  transverse  nor  longitudinal  section  could  dispUj 
them,  owing  to  the  different  planes  at  which  the  fibres  enter,  and  the 
length  and  irregularity  of  their  course. 
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BietiH  certain  that  one  cell  is  <tirecUy  tmited  to  its  neigh- 
W  liT  a  cell -process.  Eminent  authorities  nssert  that  aiich 
•fc-ct  unidti  never  tiikes  place ;  others,  that  it  is  a  rare  and 
"isi^Tiificant  fact ;  others,  that  it  is  constant,  and  "  demanded 
'  V  )>Lrnological  postulates."  I  will  not,  in  the  presence  of 
^jtinct  aflimijitions,  venture  to  deny  that  such  appearances 

I  are  ptesetilrd  in  fig.  ig  may  occasionally  be  observed ; 
more  so  oa  I  have  myself  seen  perhaps  half-a-dozcu  some- 
-W  similar  casea;  but  it  is  the  opinion  of  Deitera  and 
'iilliker  that  all  such  appearanc<!s  are  illusory.*  Granting 
Ml  «uoh  ct^nnvctions  occur,  we  cannot  grant  this  to  bo  the 
■nnal  mixlf;  os(tecialIy  now  the  more  pTohable  supposition 
tiiat  ibtf  connection  is  normally  established  by  means  of 
i"-  deUcate  ramificstions  of  the  branching  processes. 
liDDKinaTy  Anatomy  has  not  been  conti^nt  with  ibo  cells 
f  die  Ulterior  honi  being  thus  united  together,  to  admit  of 
nniiwl  iiction,  hm  hns  gone  further,  and  supposed  that  the 
Ml*  of  ih<>  postwior  bom,  Ix'jtiiles  being  thus  united,  send  off 
pnxutSM  which  unite  them  with  the  cells  of  the  anterior  horn 
~4iul  thus  a  [lathway  is  formed  for  the  tninsmissiun  of  a 
HiuQTy  ittiprrsstun,  and  its  conversion  into  a  motor  impulsf. 

*l>niK  «H«r  ihe  l*it  wm  written.  WiuJdK  publUbcU  b  VireAoir'i 
*"Air,  1875,  Ixir.  p.  163,  obwrvationii  nf  oniisUiiiiOMa  vhich  eriii 
"'luua  ■tlniiUvJ  uib«un(l«niAl)1e.  Yn  out nf  sixty-four  ;nTparetionR, 
^uiid  bnadmU  of  celU,  hi  mnld  only  Kckon  leveti  um*  of  conjunetioii. 
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What  will  the  reader  say  when  informed  that  not  only  has 
no  eye  ever  beheld  such  a  pathway,  but  that  the  first  step— 
the  direct  union  of  the  sensory  nerve-fibre  with  a  cell  in  the 
posterior  horn — is  confessedly  not  visible  ? 

126.  The  foregoing  criticisms  will  perhaps  disturb  the 
reader  who  has  been  accustomed  to  theorise  on  the  data  given 
in  text-books  ;  but  he  may  henceforward  be  more  cautions  in 
accepting  such  data  as  premisses  for  deduction ;  and  will  look 
with  suspicion  on  the  many  theories  which  have  arisen  on  so 
unstable  a  basis.  When  we  reflect  how  completely  the  modem 
views  of  the  nervous  system,  and  the  physiological,  patho- 
logical, and  psychological  explanations  based  on  these  vievs, 
are  dominated  by  the  current  notions  of  the  nerve-cell,  it  is 
of  the  last  importance  that  we  should  fairly  face  the  fact 
that  at  present  our  knowledge  even  of  the  structure  of  the 
nerve-cell  is  extremely  imperfect ;  and  our  knowledge  of  the 
part  it  plays — its  anatomical  relations  and  its  functional  rela- 
tions— ^is  little  more  than  guesswork ! 

THE  NERVES. 

127.  We  now  pass  to  the  second  order  of  organites ;  and 
here  our  exposition  will  be  less  troubled  by  hesitations,  for 
although  there  is  still  much  to  be  learned  about  the  stractue 
and  connections  of  the  nerve-fibres,  there  is  also  a  solid  foun- 
dation of  accurate  knowledge. 

A  nerve  is  a  bundle  of  fibres  within  a  membranous  envelope 
supplied  with  blood-vessels.  Each  fibre  has  also  its  separate 
sheath,  having  annular  constrictions  at  various  intervals.  It 
is  more  correctly  named  by  many  French  anatomists  a  nerve- 
tube  rather  than  a  nevve-Jibre ;  but  if  we  continue  to  use  the 
term^ftre,  we  must  reserve  it  for  those  organites  which  have 
a  membranous  sheath,  and  thereby  distinguish  it  from  the 
more  delicate /6n/  which  has  none. 

The  nerve  tube  or  fibre  is  thus  constituted :  within  the 
sheath  lies  a  central  band  of  neuroplasm  identical  with  the 
neuroplasm  of  nerve-cells,  and  known  as  the  axis  cylinder; 
surrounding  this  band  is  an  envelope  of  whitish  substance, 
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IjStyled  myelitu,  medullary  sluath,  ati<l  whik  suhstance 
SAmnn:    it  is   closely  similar  to  * 
ichiefiXMistiluentuf  llio  yolkof  e^;  I 
.  to  iu  preseuce  is  duo  the  wliitish  I 
irofUie  fibres,  which  in  its  absence 
tn  peybb.     The  axis  cylinder  nmst 
be  mulerBtood    as    the    primary    and 
ewDlial  elemt^Dt,  becnuse  uot  only  are 
'hat   nerve-fibrils   destitute   both   of 
'luaUi  and  myeliue  yet  fulfilling  the 
■  ficBof  Neurility.  but  at  their  termi- 

lugtu,  tnth  in  centres  and  in  muscles, 
'h',  serve-fibres  always  lose  i-heath  and 
inydine.  to  [ireservo  only  the  neuro- 
;  Mtuc   ihtemia   of   which    the    axis 

iluuiiT  ii  said  to  l>e  composed.  In 
'.ha  bwcst  fishes,  in  the  invertebrates, 
iLTuI  in  the  so-called  sympathetic  fibres 
"f  nrtebrates,  there  is  either  no  mye- 
-'!'-,  or  it  is  nut  sepaniled  from  the 
I 'urDpUsm. 

188,  Nervft-fibres  are  of  two  kinds 
—I*.  The  dark-hordend  or  medullary 
UflB^  which  have  both  sheath  and 
Bfriioe.  M  in  tho  peripheral  system ; 
ttcaly  myuline,  without  the  shciith,  aa 
in  iho  Mtitral  syslem,  2".  Tiie  non- 
mtiuUary  fibres,  which  have  the  sheath, 
vitfaout  appreciable  myelino — such  are 
tli»  fibres  of  the  olfactory,  and  the 
flit  IbrM  of  Uie  sympatlietic. 

Xerre  -  fibrils      are      neurnplasniic 
tlmada   of  extreme   delicacy,   visiblo 
only  ander  hi};h   magnifying   piowvrs 
(?D0  -  800),    which    atwiiiiid     iu    tlie  '™'">  br  ""  "i 
tnlnii,  wtiarc   they   fimn    networks.  mMaOhr^tJiCT^^^ 
tUfibra*  olsofonu  the  terminations  «T"''*"'"«»i''n»i™i. 
'•^>1»  fibns.     Many  fibrils  arc  supposed  Ui  be  cotidonsed  iu 
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one  axis  cylinder.     This  is  represented  by  Max  Schultze  in 
figs.  17  and  20. 

129.  As  may  readily  be  imagined,  the  semi-liquid  natnie 
of  the  neuroplasm  throws  almost  insuperable  difficulties  in 
the  way  of  accurately  determining  whether  the  axis  cylinder 
in  the  living  nerve  is  fibrillated  or  not;  whether,  indeed, any 
of  the  aspects  it  presents  in  our  preparations  are  normal. 
Authorities  are  not  even  agreed  as  to  whether  it  is  a  pre- 
existent  solid  band  of  homogeneous  substance,  or  a  bundle 
of  primitive  fibrils,  or  a  product  of  coagulation.*  Rnda- 
nowsk/s  observations  on  frozen  nerves  convinced  him  dial 
the  cylinder  is  a  tubule  with  liquid  contents.t  My  own 
investigations  of  the  nerves  of  insects  and  molluscs  incline 
me  to  the  view  of  Dr.  Schmidt  of  New  Orleans,  namely,  that 
the  cylinder  axis  consists  of  minute  granules  arranged  in 
rows  and  united  by  a  homogeneous  inter-fibrillar  substance^ 
thus  forming  a  bundle  of  granular  fibrils  enclosed  in  a 
delicate  sheath  J — in  other  words,  a  streak  of  neuroplasm 
which  has  a  fibrillar  disposition  of  its  granules.  We  onght 
to  expect  great  varieties  in  such  streaks  of  neuroplasm;  and 
it  is  quite  conceivable  that  in  the  Rays  and  the  Torpedo  there 
are  axis  cylinders  which  are  single  fibrils,  and  others  which 
are  bundles,  with  finely-granulated  inter-fibrillar  substancal 

The  fibres  often  present  a  varicose  aspect,  as  represented 
in  fig.  21.  It  is,  however,  so  rarely  observed  in  the  ftesh 
tissue,  that  many  writers  regard  it  (as  well  as  the  double 
contour)  as  the  product  of  preparation.!]  It  is,  indeed,  always 
visible  after  the  application  of  water. 

•  See  the  history  given  in  Stillino*8  learned  work,  Utber  den  Bo» 
der  jVervenprimttiv-Fasery  p.  34  ;  and  compare  Max  Schultzk,  BeBetiMi 
Structural  p.  8,  and  Bau  der  NasensckUinihautj  p.  66  ;  Waldetsb,  ia 
the  Zeitschrift  fur  rat.  Med.y  1863  ;  Lister  and  Turner  :  OUenations 
on  the  Structure  of  Nerve-Fibres,  in  Quarterly  Micros,  Journal^  1859; 
Ranvier,  in  the  Archives  de  Physiologie^  1872. 

t  Virchov/s  ArcJiiv,  Bd.  Ixxii.  p.  193. 

t  Monthly  Journal  of  Micros.  Science,  1874,  xL  p.  214. 

§  Babuchin:  Centralblatt,  1868,  p.  756. 

li  Even  so  eminent  an  authority  as  W.  Krause  holds  this  both  with 
regard  to  the  varicose  aspect  and  the  double  contour :  HandJmh  dif 
menschlichen  Anatomie,  1876,  i.  367.      Butschli,  however,  descrihcs 
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We  BCftd  Bay  no  more  at  present  rospectiDg  the  stnicture 
acrvA-Gbres,  i-xccpt  Lo  point  out  that  we  have  h&e  an 
not  Ine  complex  than  the  cell. 


TIIK  NEIIROGUA. 

B  cells  ani]  fibres,  there  is  tlie  amorphous  mi- 

b  coRStitatcs  n  great  part  of  the  central  tissue, 

Btors  lor^jely  into  the  pi'riphcral  tissue.     It  con- 

■ly  gnuiulur  snbslauce,  and  a  network  of  exces- 

1  fibrila,  with  nuclei  interspersed.     Its  cliarac- 

,  tub  judict.     Some  writers  hold  it  to  be 

■  nu^ori^  hold  it  to  be  simply  one  of  the  many 

tive  tiflsue :   hence  its  name  neuroglia,  or 

mvotalions  of  the  froistiu  brain  Wolllier  finds  the 
I  erobiidded  in  a  etmctureless  semi-fluiil  »u\>- 
f  frve  from  granules ;  the  granules  only  appear 
e  vluni  cells  have  been  crushed.     It  is  to  this  substance 
t  lUribtUcs  (he  fluctuation  of  the-  living  brain  under  the 

-    ii>S  NrituUxle  oi  varicoMi  r  Anhiv /Or  Anal.,  1871, 

;  and  I  hav*  wiunwtierB  met  with  an  obMrvalion  of  the  doubl* 
wlil«  ib  tlie  liviitg  aDimtl. 
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touch,  like  that  of  a  mature  abscess ;  the  solidity  which  is  felt 
after  death  is  due  to  the  coagulation  of  this  substance.  Un- 
happily we  have  no  means  of  determining  whether  the  net- 
work visible  imder  other  modes  of  investigation  is  present, 
although  invisible,  in  this  substance.  The  neuroglia,  as  it 
appears  in  hardened  tissues,  must  therefore  be  described  with 
this  doubt  in  our  minds. 

If  we  examine  a  bit  of  central  grey  substance  where  the 
cells  and  fibres  are  sparse,  we  see,  under  a  low  power,  a  net- 
work of  fibrils  in  the  meshes  of  which  lie  nerve-cells.    Under 
very  high  powers  we  see  outside  these  cells  another  network 
of  excessively  fine  fibrils  embedded  in  a  granular  ground  sub- 
stance, having  somewhat  the  aspect  of  hoar-frost,  according 
to  Boll.     It  is  supposed  that  the  first  network  is  formed  by 
the  ultimate  ramifications  of  the  nerve-cell  processes,  and 
that  the  second  is  formed  by  ramifications  of  the  processes  of 
connective  cells.     In  this  granular,  gelatinous,  fibrillar  sub- 
stance nuclei  appear,  together  with  small  multipolar  cells  not 
distinguishable   from  nerve-cells  except  in  being  so  much 
smaller.    These  nuclei  are  more  abundant  in  the  tissue  of 
young  animals,  and  more  abundant  in  the  cerebellum  than 
in  the  cerebrum.      The  granular  aspect  predominates  the 
fresher  the  specimen,  though  there  is  always  a  network  of 
fibrils ;  so  that  some  regard  the  granules  as  the  result  of  a 
resolution  of  the  fibrils,  others  regard  the  fibrils  as  the  linear 
crystallisation  (so  to  speak)  of  the  granules.* 

131.  Such  is  the  aspect  of  the  neuroglia.  I  dare  not 
venture  to  formulate  an  opinion  on  the  histological  quesUoi 
whether  this  amorphous  substance  is  neural,  or  partly  neuia 
and  partly  connective  (a  substance  which  is  potentially  both 
according  to  Deiters  and  Henle),  or  wholly  connectiva    Th 

*  Bdtzke:  Archivfiir  Psychiatrie,  1872,  p.  594,  states  that  the  granuli 
substance  has  the  chemical  composition  of  myeline.  If  this  be  so,  v 
may  suppose  the  "fibrils  of  crystalhsation"  to  represent  the  coagul 
tion  of  the  substance  which  is  in  solution  amid  the  myeline  granule 
and  corresponds  with  the  axis  cylinder  of  a  fibre.  I  may  remark  th 
in  almost  every  good  preparation  nerve-cells  will  be  found  in  whi( 
while  one  process  is  distinctly  granular,  another  is  striated  or  evt 
librillated. 
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fiMioD  is  not  at  pmsent  to  he  answered  decisively,  bf  csubl' 
fkai  h  known  as  connective  lis.iue  has  also  the  three  furms 
cells,  fibrils,  and  uniorphous  substance ;  nor  is 
toy  decisive  mark  by  which  thi-se  elements  i>i  the  one 
oi  be  diftii^aUhed  from  elements  in  the  other.  The  pliysi- 
nlud  cbemical  composition  of  Neuroglia  and  Xetiroplaam 
■RMoloeely  allie<I  as  their  morphological  structure.  And 
in  Uie  later  singes  of  development  the  two  tissues 
■cnurkedly  distingtiialinljle,  in  the  utirly  stages  every  effort 
luted  to  furnish  a  deirisive  indication.*  Connective 
•  b  dissolved  by  solutions  which  leave  nerve -tissue 
'MmcL  Can  we  employ  this  as  a  decisive  test !  No,  for  if 
-'  t-iak  a  Bpction  of  the  spinal  cord  in  one  of  thesp  aohitioDB, 
I'lm  vuitfr  and  lite  iiiembmnoiis  sepia  wliich  ramify  from 
'-iwem  the  cells  and  fibres,  disHp]ic!ir,  leaving  all  the  rcii^t 
uulUmL  Tliis  proves  that  Xeurojjlia  is  at  any  rnt<^'  clittmi- 
oiDf  ilifliiveut  from  onlinary  conmt^tlve  tissue,  and  more 
nervous.  As  to  the  Maining  process,  so  much 
requires  greater  caution  in  its  employment, 
tlmt  the  same  parts  were  sometimes  stained 
and  Mnuthner  ol<ser\'ed  that  in  some 
itcut*  and  nucleolus  were  stained,  while  the 
led  clear,  in  other  culls  the  contents  remained 
of  the  oxi-t  cylinders  were  stained,  the  others 
Utter  found  Uiat  the  connective  tissue  between  the 
of  Uie  sciatic  nerve,  as  well  as  the  pia  mater,  were 
Uk«  Uie  axis  cylinders ;  \  and  in  one  of  my  notes 
h  Umi  nennl  of  both  (supposed)  connective  cells  and 
beii^;  stained  alike,  while  the  ner\'e-fibreB  and  the 
I)  connective  fibres  were  unstained.  Whence  I 
that  the  supfuMttion  as  to  the  natUK  of  the  one 

Bfferent  fruin  that  of  the  other  was  untenabU, 
test  is  to  be  held  decisive. 
VwnoIsjrK  mu'  /It'lif-yrnt—  dtr  Hirriirn  Coifraforgai't, 
BryMitOrit,  1873,  p.  47, 
-  f*TTttU  :  Sl»dim  Afcrr  da*  CmtndmtntrtUfatm  Atr  V6g*t,  186S,  p. 

Mktmnnni :  Op.  n't,  p.  4- 
1   i  cKam  Hill  Lnrn :  Oft.  tU^  p.  8. 
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132.  The  histological  question  is  raised  into  undue  im- 
portance because  it  is  supposed  to  carry  with  it  physiological 
consequences  which  would  deprive  the  neuroglia  of  active  co- 
operation in  neural  processes,  reducing  it  to  the  insignificant 
position  of  a  mechanical  support.  I  cannot  but  regard  this 
as  due  to  the  mistaken  tendency  of  analytical  interpretation, 
which  somewhat  arbitrarily  fastens  on  one  element  in  a  com- 
plex of  elements,  and  assigns  that  one  as  the  sole  agent 
Whether  we  call  the  neuroglia  connective  or  neural,  it  plays 
an  essential  part  in  all  neural  processes,  probably  a  more 
important  part  than  even  the  nerve-cells,  which  usurp  ex- 
clusive attention !  To  overlook  it,  or  to  assign  it  a  merely 
mechanical  office,  seems  to  me  as  unphysiological  as  to  over- 
look blood-serum,  and  recognise  the  corpuscles  as  the  only 
nutrient  elements.  The  notion  of  the  neuroglia  being  a  mere 
vehicle  of  support  for  the  blood-vessels  arises  from  not  dis- 
tinguishing between  the  alimental  and  instrumental  offices. 
In  the  function  of  a  limb,  bone  is  a  co-operant.  In  the 
function  of  a  centre,  connective  tissue  is  a  co-operant ;  so  that 
even  if  we  acknowledge  neuroglia  to  be  a  special  form  of 
connective  tissue,  it  is  an  agent  in  neural  processes;  wAoliU 
agency  is,  will  be  hereafter  considered. 

Following  Bidder  and  Kupffer,  the  Dorpat   school  pro- 
claimed the  whole  of  the  grey  substance  of  the  posterior  half 
of  the  spinal  cord  to  be  connective  tissue ;  and  Blessig  main- 
tained that  the  whole  of  the  retina,  except  the  optic  fibres, 
was  connective  tissue.*     Even  those  anatomists  who  regarded 
this  as  exaggerated,  admitted  that  connective  tissue  largely 
enters  into  the  grey  substance,  especially  if  the  granular 
ground  substance  be  reckoned  as  connective,  the  nerve^cells 
being  very  sparse  in  the  posterior  region.     Be  it  so.     Let  us 
admit  that  the  grey  matter  of  the  frog's  spinal  cord  is  mainly 
composed  of  neuroglia,  in  which  a  very  few  multipolar  nerve- 
cells  are  embedded.     What  must  our  conclusion  be  ?     Why, 
that  since  this  spinal  cord  is  proved  to  be  a  centre  of  ener- 
getic and  manifold  reflex  actions — even  to  the   extent  oi 
forcing  many  investigators  to  attribute  sensation  and  voli- 

*  Blesbio  :  De  Retina  Structura,  1857. 
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Ito  it — thia  b  ptwjf  that  connective  tissue  does  the  work 
niydnne,  and  ihat  tliu  neun^lia  is  more  important 
|L  nrrrvc-cells  1 

t  hjpotliesca  are  maintninable — i'.  The  ueiiroglia  is 

I  aawrpbous  ground  -  aubstnuce   of    undeveloped    tissue 

m)  out  of  which   the  cells  and  fibres   of  nerve- 

and   coonectivu  tissue   arc   evolved.      2".  It   is  Lbe 

i  of  dissolved  nerw   cells  and  tilires,     3°.  It  is  tbo 

iveloped  Kt«ge  of  connective  tissue.     For  pliytnolt^cal 

e  toay  adopt  any  one  of  these  vicw»,  provided  w« 

Kp  firm  bold  of  tUe  fact  tliat  the  neuruglia  is  an  essential 

and    iu    the   centres  a    dominant    element     To 

[  mltB  this  clear,  however,  we  must  inquire  more  closely  into 

f  tbi  nlotioaa  of  the  three  elements,  nerve-cells,  fibres,  and 

BCWDgllA. 

TUE   KKLATIONS  OF  THK   0BCA5ITK3. 

133.  In  enumerating  amon^  the  obstacles  to  research  th« 

ttDilencjr  to  substitnto  hypothetic   deductions  in   place  of 

I  (iijrctiTu  facte,  I  htid  specially  in  my  mind  the  wido-rcftching 

B  of  the  reigning  ihetirics  of  the  ncrve-cclt     Ilad  wp 

WtaUislied  theory  of  the  cell,  equivalent,  sny.  to  our 

It  gBft-premure,  we  should  still  need  caution  in  allow- 

t  overricle  exact  observation ;  but  insecure   as  our 

!,  and  hypothetical  as  ore  the  inferences  respecting; 

■  jMit  played  by  the  cell,  the  reliance  placed  on  deduc- 

I  from  HUch  prcniixses  is  nothing  less  than  superstition. 

I  will  lake  a  new  »uirt  when  the  whole  question  is 

inwti)pit<d  on  a  preliminary  setting  aside  of  all  that  has 

i  pneipttatdy  accepted  respectiuc  the  otbce  uf  the  cell. 

I  of  the  imagination,  even  should  the  reigning 

nb«equenUy  bo  confirmud,  would  not  foil  to  briny 

I  fiicts  into  tlieir  rightful  place. 

1  enough  to  remember  when  the  cell  held  a  very 

t  position  in  Neurology,  and  now  my  meditations 

I  to  return,  if  not  to  the  old  views  of  the  cell, 

.  to  Bometbing  like  the  old  estimate  of  iis  relative 

■portuice.     Its  existence  was   first   brought   prominently 
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forward  by  Ehrenberg  in  1834,  who  described  its  predeooe 
in  the  sympathetic  ganglia;  and  by  liemak  in  1837,  who 
described  it  in  the  spinal  ganglia.  For  some  time  afterwaids 
the  ganglia  and  centres  were  said  to  contain  irregular  masses 
of  vesicular  matter  which  were  looked  on  as  investing  the 
fibres ;  what  their  ofl&ce  was,  did  not  appear.  But  there 
rapidly  arose  the  belief  that  the  cells  were  minute  batteries 
in  which  "nerve-force"  was  developed,  the  fibres  serving 
merely  as  conductors.  Once  started  on  this  track,  Hypo- 
thesis had  free  way,  and  a  sort  of  fetichistic  deification  of  the 
cell  invested  it  with  miraculous  powers.  In  many  works  of 
repute  we  meet  with  statements  which  may  fitly  take  their 
place  beside  the  equally  grave  statements  made  by  savages 
respecting  the  hidden  virtues  of  sticks  and  stones.  We  find 
the  nerve-cells  credited  with  "metabolic  powers,"  which 
enable  them  to  "spiritualise  impressions,  and  materialise 
ideas,"  to  transform  sensations  into  movements,  and  eldbmU 
sensations  into  thoughts;  not  only  have  they  this  "remark- 
able aptitude  of  metabolic  local  action,"  they  can  also  "act 
at  a  distance."  *  The  savage  believes  that  one  pebble  will 
oure  diseases,  and  another  render  him  victorious  in  war;  and 
there  are  physiologists  who  believe  that  one  nerve-cell  has 
sensibility,  another  niotricity,  a  third  instinct,  a  fourth  emo- 

•  LrYS  :  Kechfrches  snr  It  Syst^me  nermtx,  1865,  p.  267.  In  a  recent 
and  Tt^markable  treatise  the  student  is  informed  that  "  plus  une  cellule 
est  ohai^^  d*un  nMe  purement  raecanique  plus  elle  est  volumineuw ; 
plus  Facte  quelle  prtnluit  tend  ^  levetir  un  caractere  psychique  plus  elle 
es»l  petite  :"  to  move  a  limb  the  agitation  of  the  cerebral  cells  must 
m^UfrixtiiW  i'<jv{/' nioiv  and  nu^rv, ''  11  a  l^esoin  de  passer  par  des  cellules, 
de  iuoin;!t  en  moin*  spirituelle?  et  de  plus  en  plus  materielles.  ...  1^ 
nieme  |H>ur  les  cellule*  sensiiives.  L'impression  exterieure  va  en  w 
uuHiitiant«  en  se  spirituaiisanu  de  la  p^ripherie  au  centre.  ...  I'" 
\>benonune  de  Totxire  $inr;;wel  r.e  sar^rait  devenir  sans  transition  un 
phenom^ne  v\  oniw  pbvsique,"  And  ti  bai  is  this  marvellous  transition 
i^eiwv^u  mriuial  and  i^h vesical '  I:  is  the  action  of  medium-sized  cells 
which  '*  travuiltcnt  la  \  jbra;ix>n  rv^^ue,  la  modiiient  de  fa^n  alui  oter 
de  ?^^n  5^pintuali?«ue  et  a  la  ra^p^.vb.e^  vUrantaiire  des  ^bimnlenienU  phy* 
*i\jue*»**  I  wiV*  wot  nanxe  ;he  es;rr.vAV>  a::u:or,  because  be  is  simple 
Ywtatiu*:  what  wa**v  o;hv'rs  ir.'rv:c::lT  cr  explicidr  teach ;  but  I  ^^ 
outv  a>K  the  tv*d<r  tv^  try  aud  nrau:^  in  thought  the  process  thm 
\fce«5<'nb<Nl^ 


I'TUR   NKKVOL'S   MtUliAXISM,  2^0 

s  certain  that  one  cell  ix  ilii-ectly  uiittol  to  its  neigii- 
Uiar  lir  a  coll-proocss.  Eminent  autboritiea  assert  that  such 
•iiiTrt  union  nvwr  takes  place;  others,  that  it  is  a  rare  and 
iiia^iticant  Tact ;  iilhi-rs.  Uiat  it  is  constant,  and  "demanded 
1  IT  physiological  poatulaUts."  I  will  not,  in  the  presence  of 
diitmrt  afhrniations,  venture  to  deny  that  such  appearances 
*i  Mr  prasentvtl  in  fig,  19  may   occasionally  he  observed; 


It  n  — iHMBMWI 


Uic  Bore  to  as  I  have  inyseU  seen  pi^rhaps  half-a-dozen  some- 
wlitt  similar  cases ;  but  it  is  the  opinion  of  Deiters  and 
KOlilrer  that  all  such  appearances  are  illusory.*  Granting 
thusach  connections  occur,  we  cannot  grant  this  to  be  the 
•Kmwl  mode:  especially  now  the  more  proWble  supposition 
>«  thai  the  Ronncction  is  normally  established  by  means  of 
liw  delicate  ramificalJons  of  the  branching  processes. 

Imaginary  Anatomy  has  not  been  content  with  the  cells 
'•t  tiiB  anterior  horn  being  thus  united  together,  to  admit  of 
United  action,  but  hiis  gone  further,  and  supposed  that  the 
•*Ui  of  tbe  posterior  horn,  besides  being  thus  united,  send  off 
■  which  unite  theiti  with  the  cells  of  the  anterior  horn 
I  thus  a  {lathway  is  formed  for  the  transmission  of  a 
f  iniprcsaiou,  and  its  conversion  into  a  motor  impulse. 


l'LmiS  after  tbe  t«st  wu  vriitcn,  Wii.i.iH 
"'>  '87s.  Iiiv.  jk    163,  ntitorvutinn*  uf  1 
^uanadnilttiHt  bibcunili'Tiialile.  Yotuuti 
eII*,  be  could  only  reokon  «■ 


piililishfd  in  VinAoie't 
luxtolntwei  wliich  even 
'  nUlT-four  pKptmtioiiB, 
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opposed  to  it.  Neither  structure  nor  experiment  points  onl 
the  cells  as  the  chief  agents  in  neural  processes.  Let  us  ee 
eider  these. 

Fig.  32  shonra  the  contents  of  a  molluscaii  ganglion  whichl 
has  heen  teased  out  with  neeiilea. 


Fif  ..  -cau  fhr» 


THK  NKRVOUS   HECUAHIBH. 


25  r 


The  c«Us  are  seen  to  vary  in  size,  but  in  all  there  ia  a  rim 
of  neuroplasm  Burroimding  the  large  du- 
dens,  and  from  this  neuroplasm  the  fibre 
IB  seen  to  be  a  proloogation.  The  dotted 
lubetance  in  the  centra  ia  the  neun^Ua. 
Eicept  in  the  possession  of  a  nucleus, 
there  is  obviously  here  no  essential  dif- 
ference  in  the  structure  of  cell  and  fibre. 

Now  compare  this  with  fig.  23,  repre- 
senting three  fibres  from  the  auditory  j 
nerve. 

Here    the    cell     substance,    as    Max 
Schultze  remarks,  "  is  a  continuation  of 
the     axis    cylinder,    and     encloses    the 
nucleus.     The  medulla  commonly  ceases 
It  the  point  where  the  axis  enters  the 
»1I,  to  reappear  at  ita  exit ;  but  it  some- 
times stretches  across  the  cell  to  enclose 
it  also :  so  that  such  a  ganglion  cell  is  in 
troth  simply  the  nucleated  portion  of  the 
sylinder  axis."*     There  are  many  places     I 
in  which  fibres  are  thus  found  with  cells 
inserted  in  their  course  as  swellings :  in     [ 
the   spinal   ganglia  of   tishes   these    are     I 
called  bipolar  cells ;  they  are  sometimes     I 
met  with  even  in  the  cerebellum ;   but     ■ 
oftener  in  peripheral  nerves,  where  they      I      ||' 
tie    mostly    small    masses   of    granular      j  y 

neuroplasm  from  which  usually  a.  brandl- 
ing of  the  tibro  takes  place.     The  point  a»d.u^f^ 
to    which    attention    is    called    is    that  '^^ 
in  some  cases,  if  not  in  all,  the  nerve-  •> 
fibre    is    structurally   continuous    with    tlie    cell    contents. 

*  TatiiGtiBSB  oIbo  Myi  that  the  fibres  "  pruren^ono  d&Ue  cellule  n 
iM»  Jo»  aitn  ekt  t  foro  prvlunginntnii  o  poli." — Op.  cit.,  p.  13.  An 
uDcqulTocal  eiunple  u  acen  in  llm  Torpedo,  vheTe  the  lai]^  cell*  hftva 
each  their  prolongation  continuing  withont  inlerruptinu  into  the  eln- 
trie»I  organ.  See  the  figure  given  liy  Reichb^hkiii  in  the  Anhiv  fiir 
An^.,  1873,  Heft  vi. 
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The  two  organites- — fibre  and  cell — differ  only  as  r^tds 
the  nucleus  and  pigment.  Haeckel,  who  affinns  that  in 
the  crayfish  (Astacus  Jluviaiilis)  he  never  saw  a  cell  which 
did  not  continue  as  a  fibre,  thinks  there  is  always  a  marked 
separation  of  the  granular  substance  from  its  "  hyaline  proto- 
plasm," and  that  only  this  latter  forms  the  axis  cylinder. 
But  although  my  observations  agree  with  this  as  a  general 
fact,  I  have  seen  even  in  crayfish  the  granular  substance  pro- 
longed into  the  axis  cylinder;  and  in  other  animals  the 
granular  substance  is  frequently  discernible. 

Indeed  it  may  be  said  that  anatomists  are  now  tolerahly 
unanimous  as  to  the  axis  cylinder  being  identical  with  the 
protoplasmic  cell  substance.     If  this  be  so,  we  have  only  to 
recall  the  principle  of  identity  of  property  accompanying 
identity  of  structure,  to  conclude  that  whatever  properties  w 
assign  to  the  cells  (unless  we  restrict  these  to  the  nucleus  and 
pigment)  we  mtist  assign  to  the  aods  cylinders.    We  can  there- 
fore no  longer  entertain  the  hypothesis  of  the  cells  being  the 
fountains  or  reservoirs  of  Neurility ;  the  less  so  when  we  reflect 
that  cells  do  not  form  the  hundredth  part  of  nerve-tissue: 
for  even  the  grey  substance  bears  but  a  small  proportion  to 
the  white ;  and  of  the  grey  substance,  Henle  estimates  that 
one-half  is  fibrous,  the  rest  is  partly  cellular,  partly  amor- 
phous.   Those  who  derive  Neurility  from  the  cells,  forget  that 
although  the  organism  begins  as  a  cell,  and  for  some  weeks 
consists  mainly  of  cells,  yet  from  this  time  onwards  there  is 
an  ever-increasing  preponderance  of  cell-derivatives — fibres, 
tubes,  and  amorphous  substance — and   corresponding  with 
this   is  the   ever-increasing  power  and  complexity  of  the 
organism. 

136.  From  another  point  of  view  we  must  reject  the 
hypothesis.  Not  only  does  the  evidence  which  points  to  the 
essential  continuity  in  structure  of  nerve  cell  and  fibre  dis- 
credit the  notion  of  their  physiological  diversity,  but  it  is 
further  supported  by  the  fact  that  although  the  whole  nervous 
system  is  structurally  continuous,  an  immense  mass  of  nerve- 
iibres  have  no  immediate  connection  with  ganglionic  cells : — 
neither  springing  from  nor  terminating  in  such  cells,  their 
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hity  cuinat  be  aasigned  to  theui.  To  many  readers  tliia 
tement  will  be  startling.  They  have  been  so  accustomed 
t  that  every  fibre  be;;ins  or  terminates  in  a  cell,  that 
Mibl  tlirowa  on  it  will  sound  paraJonic/il.  But  there  is 
I  equivoque  here  which  must  he  got  rid  of.  When  it  is 
d  tliat  every  fibre  liaa  its  "  origin  "  in  a  cell,  this  may  he 
I  if  origin  mean  ita  j>oini  of  departure  in  evolution,  for 
I  the  early  fonns  of  all  oiganites  ;  but  although 
e  is  at  first  a  cell,  and  in  this  sense  a  nerve-fibre 
Ci  to  originate  in  a  cell,  we  must  guard  against  the 
wbich  arises  from  calling  the  higli I y- differentiated 
nr^uute,  usually  designated  ganglionic  cell  by  the  same  name 
u  iu  starting-point.  On  this  ground  I  suggest  the  term 
iMnroblost,  in  lieu  of  nerve-cell,  for  the  earlier  stages  iu  thii 
•rnlaiion  of  cell  and  fibre.  Both  Emljryology  and  Anatomy 
-tm  to  Hhuw  tliat  cell  and  fibre  are  organites  differentiated 
lima  identical  neuroblasts,  with  &  somewhat  vaiying  history, 
v  iliat  in  tbeir  final  stages  the  celt  and  fibre  have  conspicuous 
'!iK;rcnc«a  in  form  wilh  an  underlying  identity ;  just  as  a 
iailt  and  female  organism  starting  fitjin  identical  ova,  and 
^ifmg  i.^joential  cIiarocteTs  in  common,  are  yet  in  other 
I'huncEera  conspicuously  unlike.  The  multipolar  cell  is  not 
iiwyasarily  the  origin  of  a  nerve-fibre,  although  it  is  probable 
iliii  wiiuo  short  fibres  have  their  origin  in  the  prolongationa 
"f  cdla.  Although  the  latter  polni  has  not,  I  think,  been 
uLiifucU/rily  established,  except  in  the  invertebrata,  I  see  no 
t^M-ni  whatever  to  doubt  its  probability;  what  seems  the 
I'iwt  n-i-i mailable  with  the  evidence  is  the  notion  that  all 
'il'tw  ariiw!  as  prolongations  from  ganglionic  cells,  Instead  of 
"isina  independently  as  differentinlions  from  neuroblasts. 
I  Ti«  rrader  will  observe  that  my  ol>jection  to  the  current 
Hlffev  ia  purely  anatomical;  for  the  current  view  would  suit 
^RF  pliysiologictd  interpretations  etjually  well,  and  would  be 
^^^utlly  iireconcilabh!  with  the  hypothesis  of  the  cell  as  tlie 
I  •'Jurce  of  Neurility,  so  long  as  the  identity  of  structure  in  the 
*ia  cylinder  and  cell  contenu  is  undisputed. 
137.  The  evidence  at  present  stands  thus:  There  ara 
B  tHuUipolarcclU  which  havo  no  traceable  connectiou 
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with  nerve-fibres;    and  fibres  which  have  no  direct  con- 
nection with  multipolar  cells.    By  the  first  I  do  not  mean 
the  disputed  apolar  cells,  I  mean  cells  in  the  grey  substance 
of  the  centres  which  send  off  processes  that  subdivide  and 
terminate  as  fibrils  in  the  network  of  the  Neuroglia  (figa.  i6, 
1 8).     It  is  indeed  generally  assumed  that  these  have  each 
one  process — the  axis-cylinder  process — which  is  prolonged 
as  a  nerve-fibre ;  nor  would  it  be  prudent  to  assert  that  suck 
is  never  the  case ;  though  it  would  be  difficult  to  distinguish 
between  a  fibre  which  had  united  with  a  process  and  a  fibre 
which  was  a  prolongation  of  a  process,  in   both  cases  the 
neuroplasm  being  identical.     I  only  urge  that  the  assumption 
is  groimded  not  on  anatomical  evidence,  but  on  a  supposed 
necessary  postulate.    All  that  can  be  demonstrated  is  that 
some  processes  terminate  in  excessively  fine  fibrils;  and 
occasionally  in  thousands  of  specimens  processes  have  been 
traced  into  dark-bordered  fibres.     It  is  true  that  they  often 
present  appearances  which  have  led  to  the  inference  that 
they  did  so  terminate — appearances  so  deceptive  that  Golgi 
and  Amdt  independently  record  observations  of  unbranched 
processes  having  the  aspect  of  axis  cylinders  being  prolcmged 
to  a  considerable  distance  (600  /i  in  one  case),  yet  these 
were  found  to  terminate  not  in  a  dark-bordered  fibre,  but  in 
a  network  of  fibrils.* 

138.  While  it  is  thus  doubtful  whether  dark-bordered 
fibres  are  always  immediately  connected  with  cells,  it  is  de* 
monstrable  that  multitudes  of  fibres  have  only  an  indirect 
connection  with  cells,  being  developed  as  outgrowths  from 
other  fibres.  Dr.  Beale  considers  that  iu  each  such  out- 
growths have  their  origin  in  small  neuroplasmic  masses  (his 
"germinal  matter").    That  is   another  question.     The  fact 

•  Golgi :  ^Sulla  strtUtura  delta  sostanza  grizia  del  Cervdlo.  Arkdt: 
Arckiv  fiir  mikros,  AnaL,  1870,  p.  176.  Rindfleisch  also  traces  these 
processes  into  the  neuroglia  (t/>irf.,  1872,  p.  453).  "  Deiters,  Boddaert^ 
and  other  observers  have  stated  that  one  dark-bordered  nerve-fibre 
enters  each  cell.  .  .  .  My  own  observations  lead  me  to  conclude  that  all 
the  fibres  arc  composed  of  the  same  material,  but  that  one  fibre  does  not 
divide  until  it  has  passed  some  distance  from  the  cell,  while  others  give 
oil  bninches  much  closer  to  it." — Beale:  Bioplasm,  p.  189. 
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^Hve  lo  be  insisted  on  is  that  we  often  lind  groups  of  cells 
^^nitli  only  two  or  thrue  fibrea,  and  groups  of  fibres  where  very 
I  fr-w  cells  extsL  Scliroder  von  der  Kolk  says  that  in  &  stur- 
^«m  {Aeapaucr  gturto)  weighing  120  pounds  he  found  the 
.-(liul  cord  scarcely  thicker  ihim  that  of  a  frog ;  the  muscles 
f  this  fish  are  enonnous,  and  its  motor  nerves  abundant; 
vet  tiuBV  nerves  entered  tho  cord  by  roots  no  tliicker  than  a 
I^'b  brtstlf ;  and  in  the  very  little  grey  matter  of  the  cord 
then  VBs  only  a  cell  here  and  there  found  after  long  search. 
Are  we  to  unppose  tliat  these  rare  cells  were  the  origins  of 
all  Um  motor  and  sensory  nerves  7  A  similar  want  of  corre- 
spoodenoe  may  he  noticed  elsewhere.  Thus  in  the  spinal 
ond  of  the  Lamprey  my  preparations  show  very  few  cells  in 
»ttj  of  the  sections,  and  numerous  sections  show  none  at  all. 
Sipda  GountMi  only  eight  to  teu  cells  in  each  liom  of  some  osae- 
oii  fiihes,  except  at  the  places  where  the  spinal  roots  emerged, 
la  tbe  «el  and  cod  he  found  parts  of  the  cord  quita  free  from 
cdk,  «ad  in  other  parts  found  two.  three,  never  more  than 
Ua.  Id  birds  be  counted  Irom  twenty-five  to  thirty.  Par- 
bnlar  attention  is  called  to  this  fact  of  the  eel's  cord  being 
■hi  d•6ei(ttl^  braaiiH  every  one  knows  the  energetic  rellex 
Mtim  of  Um.  cord,  each  sepanite  segment  of  which  responds 
to  peripheral  stimulation. 

It  may  indeed  be  urged  that  these  few  cells  were  the  origin 
of  «U  the  fibres,  the  latter  having  multiplied  by  the  well- 
known  proceas  of  sabdivision  ;  and  in  su])port  of  this  view 
tlie  (act  Buy  be  cited  of  the  colossal  fibres  of  the  electric 
&atKa.each  of  which  divides  into  five-and-twcnty  fibres,  and  in 
^e  electric  eel  each  tibre  is  said  by  Max  Schultze  to  divide  into 
«  million  of  iibriis.  But  I  interpret  tliis  fact  otherwise.  It 
^eem»  to  me  lo  prove  nothing  more  than  that  tlie  neuroplasm 
» diiferentiated  into  few  cells  and  many  fibres.  And  my 
ion  is  )^imded  on  the  evidence  of  Development,  pre- 
Uty  to  be  adduced.  If  we  find  (and  this  we  do  find)  fibn« 
"^  ^  IheiT  appcaninco  anywhere  bt/oj-e  multipolar  cells 
•  question  is  settled. 
i  Dr.  Beale  reganl.i  the  lart^e  caudate  cells  of  thn 
**iitres  as  diflerent  or^anites  from  Uie  oval  and   pyrifomi 
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cells,  and  thinks  they  are  probably  stations  through  whicli 
fibres  having  different  origins  merely  pass,  and  change  their 
directions ;  and  Max  Schultze  says  that  no  single  fibril  has 
been  found  to  have  a  central  origin ;  every  fibril  arises  at  the 
periphery,  and  passes  through  a  cell,  which  is  thus  crossed 
by  different  fibrils.*     (Comp.  fig.  17.) 

The  teaching  of  Development  is  on  this  point  of  supreme 
importance.  Unhappily  there  has  not  yet  been  a  sufficient 
collection  of  systematic  observations  to  enable  us  to  speak 
very  confidently  as  to  the  successive  stages,  but  some  nega- 
tive evidence  there  is.  The  changes  take  place  with  great 
rapidity,  and  the  earliest  stages  have  hardly  been  observed  at 
all.  Although  for  several  successive  years  I  watched  the 
development  of  tadpoles,  the  diflSculties  were  so  great,  and 
the  appearances  so  perplexing,  that  the  only  benefit  I  derived 
was  that  of  being  able  the  better  to  understand  the  more 
successful  investigations  of  others.  Four  or  five  days  after 
fecundation  is  the  earliest  period  of  which  I  have  any  re- 
corded observation;  at  this  period  the  cerebral  substance 
appeared  as  a  finely  granular  matter,  having  numerous  linea 
of  segmentation  marking  it  off  into  somewhat  spherical  and 
oval  masses,  interspersed  with  large  granules  and  fat  globules. 
Here  and  there  hyaline  substance  appeared  between  the 
segments.  Similar  observations  have  since  been  recorded  by 
Charles  Ilobin  in  the  earliest  stages  of  the  Triton.t  He  says 
that  when  the  external  gills  presented  their  first  indications, 
nuclei  appeared,  each  surrounded  by  a  rim  of  hyaline  sub- 
stance, from  which  a  pale  filameiit  was  prolonged  at  one  end, 
sometimes  one  at  both  ends,  and  this  filament  subdivided  as 
it  grew  in  length  until  it  had  all  the  appearance  of  an  axis 

*  Be  ALE  :  Bioplasm,  p.  177.  Max  Schultze,  in  Strieker's  Hani- 
bicchj  p.  134.  Comp.  Stilling  :  yervenprimitiv-Faser, -p.  133.  Abkdt: 
Ardiiv  fur  mikros.  Anat.,  1868,  p.  512  ;  and  1869,  p.  237. 

Weighty  as  these  authorities  are,  their  view  is  questionable — firstly, 
because  the  fomis  of  these  cells  are  too  constant  and  definite  in  par- 
ticular places  to  result  from  the  union  of  fibrils  coming  from  various 
origins ;  but  secondly,  and  mainly,  because  the  teaching  of  Development 
is  opposed  to  it. 

t  lioBiN:  Ajiat.  el  Physiol.  Cellutaires,  p.  335. 
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Tftifl,  bowGver,  be  says,  is  a  sliiation.  Dot  a  fibrlUa- 
I  reruses  to  aJmit  that  the  axis  cylinder  is  a  bundle 

Uo  further  notices  the  simultaneous  appearance 
f  huus  substance ;  and  as  this  is  several  days  before 
MV  Imco  of  a  pia  mater,  or  proper  connective  tissue, 
I  iliig  among  the  many  considerationa  which  shonld 
:  the  identification    of    neuroglia   with    cunuectivo 

NJry  yotinjj  embryo  of  a  mole  (I  could  not  determine 
I  llu)  <»rtex  of  the  hemispheres   showed   gmnulHr 
kns  sabetoDce.  is  which  were  embedded  spherical 
bf  §omewbat  paler  colour,  which  had  no  nuclei,  and 
Brefore  not  cella.     Resides  these,  there  were  nucleated 
(apulor  cells,  therefore)  and  mure  developed  cells, 
r,  bipolar,  and  tripolar.     Nut  a  trace  of  a  nerve-fibre 
lb)**.     In  a^cenient  with  this  are  the  observations  of 
and  Van  Lair,  who  cut  out  a  portion  of  the  spinal 
•  flog,  and  observed  the  regenerated  tissue  after  the 
I  B  month.     It  cuutained  apolar,  bipolar,  and  multi- 
Sis,  together  with  "corpuscles  without  processes,  for 
part  larger  Uiau  the  cells,  and  appearing  to  be  mere 
ttioQS  of  granules  " — these  latter  1  suppose  to  have 
tt  I  describe  as  segmentations  of  the  uudeveloi>ed 
a.     Grey   fibres,   with   a  few  Tgricose   fibres,   also 

The  admirable  invest  igutions  of  Fmiiz  Boll  have 
rations  a  new  significance.  He  finds  in  the 
of  the  chick  on  the  third  or  fourtii  day  of 
ill-marked  separation  Wtween  tlie  neuroglia 
it  proper.  Fig.  24.  A,  represenU  three  nerve- 
h  witli  il«  nucleus  and  nucleolus,  and  each  sur- 
witli  iu  layer  of  uuuroplasni.  Tlii:  otlier  four 
be  legarda  as  nuclei  of  connective  tissue.  Tbrec 
T  tJie  distinction  between  the  two  is  more  marked 
B),  Not  only  have  the  norve-cells  acquired  an 
I  uf  luiuroplasm,  they  also  present  Indications  of 
which  at  the  twelfth  day  are  v 
iZ(  Phfriotogit,  1871,  p.  268. 


258  THE  PHYSICAL  BASIS  OF  MIND. 

(tig.  24,  C).  (All  this  while  the  connective  corpuscles 
remain  unchanged.)  Although  Boll  was  unable  to 
trace  one  of  these  processes  into  nerve-fibres,  he  has  little 
doubt  that  they  do  ultimately  become  (unite  with?)  axis 
cylinders. 

It  is  difficult  to  reconcile  such  observations  with  the  hypo- 
thesis of  the  cells  being  simply  points  of  reunion  of  filmk 
We  see  here  multipolar  cells  before  any  fibrils  appear.  Re- 
specting the  development  of  the  white  substance,  t.e.,  the 
nerve-fibres,  Boll  remarks  that  in  the  corpus  callosum  of  the 
chick  the  first  differentiation  resembles  that  of  the  grey  sub- 
stance. 

The  polygonal  and  spindle-shaped  cells  represented  in  fi^r. 
25,  A,  are  respectively  starting-points  of  connective  and  neural 
tissues.  The  spindle-shaped  cells  elongate,  and  rapidly  be- 
come bipolar.  This  is  supposed  to  result  in  the  whole  cell 
becoming  transformed  into  a  fibre,  the  nucleus  and  nucleolus 
vanishing ;  but  the  transformation  is  so  rapid  that  he  confesses 
that  he  was  unable  to  trace  its  stages ;  all  that  can  positively 
be  asserted  is  that  one  or  two  days  after  the  appearance  pre- 
sented in  fig.  25,  B,  the  aspect  changes  to  that  of  fibrils.  The 
columns  of  polygonal  cells  between  which  run  these  fibrik, 
he  regards  as  the  connective  corpuscles  described  by  several 
anatomists  in  the  white  substance  both  of  brain  and  cord, 
and  which  are  sometimes  declared  to  be  multipolar  nerve- 
cells.* 

141.  Dr.  Schmidt's  observations  on  the  human  embryo 
were  of  course  on  tissue  at  a  very  much  later  stage.  Accord- 
ing to  him,  the  fibrils  of  the  axis  cylinders  are  formed  by  tli** 
linear  disposition  and  consolidation  of  elementary  granules. 


*Tlie  fact  of  the  existence  of  cells  in  the  white  substance  i*  o'^* 
M'hich  is.  very  difficult  of  interpretation  on  the  current  hypothesei*. 
The  cells  are  found  in  regular  columns  and  irregularly  scattered. 
]^>OLL  thinks  that  while  in  the  white  substance  of  both  cerebrum  and 
cerebellum  there  are  true  nerve-cells  as  well  as  connective  cori)UScl«s 
in  the  cord  there  are  onlv  the  latter.  But  hitherto  there  has  been  n*' 
decisive  test  by  which  a  nerve-cell  can  be  distinguished  from  a  connec- 
tive corpuscle. 
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tbiis  fonneii  are  eo|iiir8ted  by  iuttrfibrillftr 
I  wfaicli  in  time  become  filniln.  Xot  earlier  than 
lontbs  and  a  half  docs  the  formation  of  individual 
iodcrs  he^in  by  (lie  aggregjitioo  of  these  fibrils  into 
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minute  bundles,  which  are  subsequently  surrounded  by  a  deli- 
cate sheath* 

142.  With  respect  to  the  transition  of  the  spindle-shaped 
cells  into  fibrils,  since  there  is  a  gap  in  the  observatioM  of 
Boll,  and  since  those  of  Schmidt  are  subsequent  to  the  dis- 
appearance of  the  cells,  and  in  both  cases  all  trace  of 
nucleus  has  disappeared,  I  suggest  that  we  have  here  an 
analogy  with  what  Weismann  has  recorded  of  the  metamor- 
phoses of  insects.  In  the  very  remarkable  memoir  of  that  ' 
investigator  f  it  is  shown  that  the  metamorphoses  do  not 
take  place  by  a  gradual  modification  of  the  existing  oigans 
and  tissues,  but  by  a  resoltUion  of  these  into  their  elements, 
and  a  reconstruction  of  their  elements  into  tissues  and  oi^gans. 
The  muscles,  nerves,  tracheae,  and  alimentary  canal,  undeigo 
what  may  be  called  a  fatty  degeneration,  and  pass  thence  into 
a  mere  blastema.  It  is  otU  of  these  ruins  of  the  old  tissues  that 
the  new  tissues  are  reconstructed.  On  the  fourth  day  the  body 
of  the  pupa  is  filled  with  a  fluid  mass — a  plasma  composed  of 
blood  and  dissolved  tissues.  The  subsequent  development  is 
thus  in  all  essential  respects  a  repetition  of  that  which  origi' 
nally  took  place  in  the  ovum.J 

Two  points  are  especially  noticeable :  First,  that  in  this  re- 
solved mass  of  granules  and  fat  globules  there  quickly  appc^ 

•  Monthly  Journal  of  Micros.  Science^  xi.  219.  This  accords  W^"* 
what  KuPFFER  says  respecting  the  entire  absence  of  cells  in  the  earli^ 
stages  observed  by  him  in  the  sheep.  The  white  substance  of  the  spi-^'* 
cord  he  describes  as  soft,  transparent,  and  gelatinous,  in  which  d^*-^ 
points  are  visible  ;  these  dark  points  are  seen  in  longitudinal  section^  ^ 
arise  from  the  fibrillation  of  the  substance. — Bidder  und  Kupffer:  ^? 
cit,^  p.  III. 

t  Weismann  :  Die  nadicmhryoncde  Entwick,  der  Musdden,  in  the 
schrift/tir  Wissen,  Zoologies  1864,  Bd.  xiv.  Heftiii. 

X  The  suggestion  in  the  text  has  since  received  a  striking  confirmaC- 
in  the  observations  of  Siomund  Mayer  on  the  regeneration  of  ner' 
The  nerve  when  divided  rapidly  undergoes  fatty  degeneration,  whic' 
succeeded  by  a  transformation  of  the  myeline  and  axis  cylinder  in' 
liomogeneous  mass  ;  in  this  resolved  ])ulp  new  longitudinal  lines  of  Ai** 
sion  api)ear,  which  subsequently  become  new  fibres,  and  new  nuclei  ^ 
developed  in  the  remains  of  the  uutransformed  substance. — Archiv  J^ 
Psf/chiatriefBd.  vi.  HeftiL 
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]affs  glolnilAt  masses  vliich  develop  a  fine  mernhnme.  and 
Hilfleqaeatly  naclei.  A  glance  at  tlie  figure  51  of  Weis- 
tnuin's  plalea  reveals  the  close  resemblancQ  to  the  earliest 
tiagea  of  nerre-ceUa;  and  the  whole  process  recalls  the 
i¥|^eralif>n  of  nerves  and  iier\'e-centre8   after   their  fatty 

Sfcondly,  the  nen-es  reappear  in  their  proper  places  in  the 
tww  miucles,  and  tliis  at  a  time  when  tlie  nerve-centres  an^ 
'lill  onfonned;  so  that  the  whole  peripheral  si/^-an  is  eorn- 
I'ktdt/  rebuiU  in  absolute  independence  of  the  central  aysUm. 
Tlw  iilca,  ihereforo,  that  nerve-fibres  are  the  products  of 
^-ut^clJa  must  )>e  relinquished.  This  idea  is  further  discoun- 
unuiced  by  Boll's  observations,  which  show  that  the  fibre- 
'rlls  are  from  llie  first  dilToreut  from  the  ganglionic  cells ; 
idJ  by  the  observations  of  Foster  and  Balfour,  that  "  fibres  are 
\nmA  in  the  white  substance  on  the  third  day  of  incaba- 
lioB;"  whereas  cell  proeesses  do  Jwt  ajtpear  until  tht-  eighth  day. 
yitta  and  Balfonr  are  inclined  to  believe  "  that  even  on  th*< 
«*eiiUi  day  it  is  not  jwasible  to  trace  any  connection  between 
til"  Delia  and  fibres."  In  the  later  stages,  the  connection  is 
[iwluips  establisheil.* 

'  Stmoji  umfiniiation  of  vitriouB  tutemcntt  in  the  text,  tince  tbey 
*<9t'iriimi,  luw  l>u«n  famiiheJ  bj  the  reaearches  of  Eicnnoaar,  pub- 
'i^dl  is  VinAinci  Archiv,  Uiv.  Our  knowledge  of  the  development  of 
"•iTt-tJ»u«i  in  limiinn  eiobiyo*  is  so  acanty  that  these  reiearches  have  a 
irrnt  nlue.  ElcnuoRST  deserilea  the  striation  of  the  celb  in  the  coni 
'''  Ujio  oiily  at  ihc  fourth  month :  up  lo  this  time  Ihey  are,  what  I  find 
""cuiiaTtnijlinitHCpHn  to  lie,  Rianular,  not  fibrillar.  There  Ie  very  slight 
'nathins  of  the  cill  prouBsei  until  the  ninth  or  tenth  iiionlh,  when 
'tH  BtnlttpaUr  astwct  fint  nppenn ;  the  cells  are  unipolar  up  \o  the 
■'•J  of  the  fourtli  inoDlh.  The  connection  between  the  white  column* 
■"•d  the  grey  rolniniu  ii  rery  loose  up  to  the  fillli  month ;  anil  the  two 
"•esnlf  t^panteil.  Subiie<|nentty  the  union  ia  closor.  The  suWlanee 
"^  IM  wlvita  column*  readily  sepurate>  into  bundW  end  fibrea,  bui 
^  of  the  pey  cnluiiina  fdls  inio  n  grnuuUir  delrilu*  if  attempted  l-i 
_*«  iMwil  out  with  nrdle^,  Bnt  after  the  fifth  month  this  is  no  longer 
Intlud  of  A  |;ranulur  detritus  there  ajipcAra  a  network  of  fiui- 
wand  llbnU.  Although  the  while  posterior  columns  are  dereloped 
til*  Bftfa  moiitii,  not  *  ainple  cell  can  be  seen  in  the  paste- 
7  column*  until  the  second  hiitf  of  the  ninth  month.  (Yet  the 
M  an  imagined  to  arise  in  ihe  cells  '.)    The  paamge  from  the  gnuiu* 
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143.  We  may,  I  think,  conclude  from  all  this  that  in  the 
liigher  vertebrates  the  white  substance  of  brain  and  cord  is 
not  the  direct  product  of  the  grey  substance  ;  in  other  words, 
that  here  nerve-fibres,  even  if  subsequently  in  connection 
with  the  ganglionic  cells,  have  an  independent  origin.  They 
may  grow  towards  and  blend  with  cell  processes ;  they  are 
not  prolongations  of  those  processes.  They  may  be  identical 
in  structure  and  property,  as  one  muscle  is  identical  with 
another,  but  one  is  not  the  parent  of  the  other. 

144.  Sigmund  Mayer  emphatically  declares   that  in  no 
instance  has  he  traced  a  cell  process  developed  into  a  dark- 
bordered  nerve-fibre.     The  process,  he  says,   may  often  be 
traced  for  a  certain  distance  alongside  of  a  fibre ;  but  it  then 
suddenly  ceases,  whereas  the  fibre  is  seen  continuing  its 
course  unaltered.      Still   more  conclusive   is  the  evidence 
afforded  by  nerves  having  only  very  few  fibres  (2-4  some- 
times in  the  frog),  which  have,  nevertheless,  a  liberal  supply 
of    cells,  visible   without    preparation.      Valentin  counteil 
twenty-four  cells  in  a  nerve  which  had  but   two  fibres* 
Now   although  it  is   possible  to   explain   the   presence  ^^ 
numerous  fibres  with  rare  cells  either  as  due  to  subdivisions 
of  fibres,  or  to  the  fibres  having  cells  elsewhere  for  the^^ 
origin,  it  is  not  thus  that  we  can  explain  the  presence  ^^ 
numerous  cells  which  have  no  fibres  developed  from  th^^ 
processes. 

145.  With  regard  to  this  observation  of  the  cell  proc^^ 

lar  to  the  fibrillar  state  is  the  same  in  the  cell  substance  and  the  nea^^ 
glia.    The  nerve-fibre,  as  distinguished  from  a  naked  axis  cylinder,  d^^ 
not  appear  till  the  fourth  month.     It  is  at  first  a  bipolar  prolongatioiS' 
the  nucleus.     As  it  elongates,  the  nucleus  seenis  to  sit  on  it,  and 
loosely  that  it  is  easily  shifted  away  by  pressure  on  the  covering  gl^^ 
Finally  the  fibre  separates  entirely  from  the  nucleus,  and  then  begins 
clothe  itself  with  the  medullary  sheath.    Very  curious  is  the  obser^^ 
tion  that  so  long  as  the  axis  cylinder  is  naked  it  is  never  varicose, 
with  the  development  of  the  medulla  the  primitive  axis  becomes  fluic 

•  Mater  :  Op.  ciU,  393.  I  cannot,  however,  agree  with  Mai^  ^ 
when  he  says  that  the  continuity  of  a  nerve-fibre  with  a  cell  has  nr^ 
been  distinctly  shown  (p.  395)  ;  in  the  Invertebrata  and  in  the  Elect  ^ 
fishes  such  a  continuity  is  undeniable  ;  and  it  has  occasionally  b^*^ 
Been  in  Vertebrata. 
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ranning  flloni^ide   of   the   6bpe,   the   recent  researches  of 

Ituvicr  may  throw  some  light  on  it.     He  describes  the  celle 

I  the  sgiiiiiil  ganglia  as  oil  unipolar;  each  single  process 

I  puRWs  u  more  or  loss  wiiidiii<;  course  as  a  fibril,  ofti'n  blcnd- 

r  log  »ilJi  oUiera,  till  it  reaches  one  of  the  fibres  from  the  sen- 

Liury  loot     It  blends  with  this  fibre  at  the  annular  constric- 

IMin  of  the  fibre,  becoming  here  incorporated  with  it.  so  that 

«  T-«hiii«<l  fibre  is  the  result*     If  this  should  be  conlirmetl, 

it  woulil  recoucile  many  observations;  hut  it  would  greatly 

difiurb  all  current  intt.Tprelations.     Banvicr  remarks  that  it 

i*  no  longer  tenable  to  suppose  that  the  ganglionic  cell  is  a 

iwilrt,  sensoty  or  motor,  receiving  the  excitation  or  sending 

("rth  *  motor  impulse ;  for  if  the  fibril  issuing  from  a  cell 

Uniiui»  btivrolly  soldered  to  a  nerve-fibre,  there  is  no  poasi- 

ftkbty  of  saying  in  which  direction  this  cell  receives  the  exd- 

hiiea,  nor  iu  which  it  transmits  the  impulse. 

146.  Wb  have  seen  good   reason   to   conclude  that  the 

.  element  of  the  nerve— the   axis  cylinder — is  the 

e  subxtaoce  as  the  neuroplasm  which  foiTns  the  essential 

KBt  of  the  cell.     At  any  rale,  we  are  quite  certain  that 

Plbenlt  process  is  neuroplasm.     On  this  ground  thei-e  is  no 

■iliffitiilty  in  understanding  that  a  cell  process  may  sometimes 

^'^)  (lra«-u  oat  into  an  axis  cylinder  (aa  indeed  we  see  to  he 

ihe  case  in  the  invcrtebrata  and  electric  fishes) ;  while  again 

■n  DDinfTous  other  cases  the  nerve-fibre  has  an  independent 

**igin,  being,  in  short,  a  diOcrentiation  fmiu  the  neuroplasm 

*liich  has  become  a  fibre  instead  of  a  cell.     It  is  clear  from 

'*»«  olMervations  of  Houget  on  Dovoloproent,  and  of  Sigmund 

-■taycroo  ncgcneration,  that  fibres,  nuclei,  and  cells  l>ecome 

RtsriKtt,  bt  tlia  Compta  Hendut,  iSys.vot.  Ixixi.  p.  1276.  TbU 
''^^vtTftUon  t)irv«>  ti^ht  on  tlie  fscl  tliat  c«ll  [iTOcetaea  bk  some^mea 
**^fi  (Btcnng  nvrvF-ruoIa  (J  124), 

"Hie  var  remnrkable  oUcrvatiom  of  Mr.  F.  Balfocr,  On  tie  Dtpelep- 
■*«M  ^  (IU  SpiHat  .Verrtt  tn  Blatmobran-Ji  Ful.tt  (PMot.  Tmn*.,  vol. 
^**vi  p.  l).  «i)(pw  that  the  »piniU  rixtl,  ^-aiij^lion,  Biid  nerv«-tTUiik  wUe 
'^m  biMDlogiuI  changei  in  a  tnou  of  ccWt  at  Rnt  all  alike  ;  not  that 
??**lthu»-i»lU  ar*  fiinii<r<i  and  from  iheir  (■rocc-w*  elongate  into  filirea, 
^>«  noTC:,  he  «4}a,  furnt*  ■  conlinuatiun  uf  its  root  rather  thun  of  ttt 
n  (p.  181)  i  frliicb  Bvoriln  wiih  Ramvikb'o  riew. 
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difTercntiated  from  the  same  neuroplasm,  those  portions 
which  are  not  converted  into  fibres  remaining  first  as  lumps 
of  neuroplasm,  then  acquiring  a  nucleus,  and  some  of  these 
passing  into  cells.  I  mean  that  between  fibres,  nuclei,  and 
cells  there  are  only  morphological  differences  in  an  identical 
neuroplasm  *  If  this  is  in  any  degree  true,  it  will  not  only 
explain  how  fresh  fibres  may  be  developed  in  the  course  of 
fibres,  branching  from  them  as  from  trirnks,  and  branchlets 
from  branchlets,  twigs  from  branchlets,  the  same  conditions 
of  growth  being  present  throughout ;  it  will  also  completely 
modify  the  notion  of  any  physiological  distinction  between 
cell  and  fibre  greater  than  can  be  assigned  to  the  morpho- 
logical differences.  "We  shall  then  no  longer  suppose  that 
the  cell  is  the  fountain  whence  the  fibre  draws  its  nutrition 
and  its  "  force ; "  and  this  will  be  equally  the  case  even  if  we 
admit  that  a  cell  is,  so  to  speak,  the  germ  from  which  a  whole 
plexus  of  fibres  was  evolved,  for  no  one  will  pretend  that  the 
"  force  "  of  an  organism  is  directly  derived  from  the  ovum,  or 
that  the  ovum  nourishes  the  organism. 

147.  At  this  stage  of  the  discussion  it  is  needful  to 
consider  a  point  which  will  spontaneously  occur  to  every 
instructed  reader,  I  mean  the  interesting  fact  discovered  by 
Dr.  "Waller,  that  when  a  sensory  root  was  divided,  the  por- 
tion which  was  still  in  connection  with  the  ganglion  remaineil 
unaltered,  whereas  the  portion  which  was  only  in  connection 
with  the  spinal  cord  degenerated ;  and  incc  versd,  when  a 
motor  root  was  divided,  the  portion  connected  with  the  coid 
remained  unaltered,  the  portion  severed  from  the  cord  de- 
generated. The  observation  has  been  frequently  confirmed, 
and  the  conclusion  drawn  has  been  that  the  cells  in  the 
ganglion  of  the  posterior  root  are  the  nutritive  centres  of 
posterior  nerves,  the  cells  in  the  anterior  horn  of  the  cord 
being  the  nutritive  centres  of  the  anterior  nerves.  Another 
interpretation  is  however  needed,  the  more  so  because  the 
fact  is  not  constant.f     True  of  some  nerves,  it  is  not  true  of 

*  In  the  Handhuch  der  menschUchen  Anatomie  of  W.  Krause,  wbicn 
lins  just  appeftred,  I  am  pleased  to  find  a  similar  view,  p.  376. 

t  On  this  point  consult  Axel  Kky  and  Retzius,  in  the  Archivfi^ 
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>tbera.  Vulpian  found  that  when  he  cut  out  a  portion  of  the 
lingual  nerve,  and  transplanted  it  by  grafting  under  the  skin 
if  the  groin,  where  of  course  it  was  entirely  removed  from  all 
ganglionic  influence,  it  degenerated,  but  it  also  regenerated. 
[Pathological  observations  convinced  Meissner  that  the  ganglia 
ire  wholly  destitute  of  an  influence  on  the  nutrition  of  the 
iragns ;  and  Schifl*  proved  experimentally  tliat  other  ganglia 
irere  equally  inoperative,  since  motor  ner^'es  could  be  sepa- 
rated from  the  spinal  cord  without  degeneration  *  Not  how- 
ever to  insist  on  tliis,  nor  on  the  other  facts  of  regeneration, 
in  the  absence  of  ganglionic  influence,  let  us  remark  that  Dr. 
Waller's  examples  would  not  be  conclusive  unless  the  teach- 
ing of  Embryology  could  be  disproved.  That  nen-es  degene- 
tate  when  sei)arated  from  ganglia  is  a  fact ;  but  it  is  also  a 
hct  that  muscles  degenerate  wlien  separated  from  a  nerve- 
»ntre ;  yet  we  do  not  suppose  the  ner\'e-centre  to  nourish 
;he  muscles.  And  against  the  fact  that  the  sensory  ner^'e 
■emains  unaltered  only  in  that  portion  which  is  connected 
rith  the  ganglion,  we  must  oppose  the  observations  of 
KoUiker  and  SchwalU'.f  who  afiirm  that  none  of  the  fibres 
irhich  enter  the  posterior  columns  of  the  spinal  cord  have 
my  direct  connection  vriili  the  cells  of  the  ganglion  on  the 
posterior  root.  The  cells  of  this  ganglion  they  declare  to  bc^ 
unipolar  (in  the  liigher  vertebrates),  and  the  fibres  in  connec- 
tion with  these  cells  are  not  those  which  pass  to  the  cord, 
but  all  of  them  pass  to  the  periphery.    According  to  Kanvier, 

miJtrof.  Anat.,  1S73,  p.  308,  where  the  nutritive  disturbance  i* 
iMigned  to  the  fact  that  the  lymph  can  no  lonjj^er  take  its  normal 
course.  Waller's  olise nations  on  the  degeneration  of  the  optic 
ftenres,  f^itli  preHer\'ation  of  tht*  integrity  of  the  retina,  after  division  of 
ht  nervw  (PnK'tedingM  0/  Itoyal  JSocieiy,  1856,  p.  lo),  cannot  I >e  urged 
Q  support  of  )ii9  view,  lK>(*an5e  Berlin  and  Lkbert*s  o1>M'rvations  are 
lirectly  contrail ictory  of  his.  Saeiiisch  und  Graefe  :  J/andlmch  der 
Aygenheilkunde,  ii.  346.  It  in  said  l>y  Krenchel  that  if  the  ner^'es  bo 
(ivided,  so  as  to  prevent  di^tu^hancefl  in  the  circulatiiui,  no  peripheral 
legeneration  takes  place  (cite<l  hy  Engelmann  in    Pjluijer'M  Archir^ 

fS75*  V'  477)- 
•  ScHirr  :  Lehrhurh  der  Ph^/siologie,  j»p.  120,  1 2 1. 

t  KuLUKER :    Gevtbelehre,    317.     Schwa lhk  :    Archiv  fSr  mikro^ 

Auit,  1S6S,  p.  31. 
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the  fibres  from  the  cells  join  the  fibres  of  the  posterior  root 
Schwalbe  found  that  if  the  spinal  nerve  be  firmly  grasped 
and  steadily  drawn,  it  will  often  be  pulled  from  its  sheath, 
and  the  ganglion  laid  bare ;  *  in  this  ganglion  all  the  cells 
are  found  undisturbed,  which  could  not  be  the  case  had  fibres 
from  those  cells  entered  the  cord,  since  the  traction  would 
necessarily  have  disturbed  them. 

RECAPITULATION. 

148.  At  the  opening  of  this  chapter  mention  was  made  of 
the  besetting  sin  of  the  analytical  tendency,  namely,  to  dis- 
regard the  elements  which  provisionally  had  been  set  aside, 
and  not  restore  them  in  the  reconstruction  of  a  synthetical 
explanation.  Familiar  experiences  tell  us  that  a  stimulus 
applied  to  the  skin  is  followed  by  a  muscular  movement,  or 
a  glandular  secretion;  sometimes  this  takes  place  without 
any  conscious  sensation;  sometimes  we  are  distinctly  con- 
scious of  the  stimulus;  and  sometimes  we  consciously  will 
the  movement.  These  facts  the  physiologist  tries  to  imravel, 
and  to  trace  the  complicated  processes  involved.  The  neuro- 
logist of  course  confines  himself  exclusively  to  the  neural 
processes  ;  all  the  other  processes  are  provisionally  left  out  of 
account.  But  not  only  so :  the  analytical  tendency  is  carried 
further,  and  even  in  the  neunil  process  the  orgam  are 
neglected  for  the  sake  of  the  nervous  tiss^ie^  and  the  nervous 
tissue  for  the  sake  of  the  nerve-cell.  The  consequence  has 
been  that  we  have  an  explanation  offered  us  which  ruus 
thus : — 

149.  The  nerve-cell  is  the  supreme  element,  the  origin  of 
the  nerve-fibre,  and  the  fountain  of  nerve-force.  The  cells 
are  connected  one  with  another  by  means  of  fibres,  and  with 
muscles,  glands,  and  centres  also  by  means  of  fibres,  which 
are  merely  channels  for  the  nerve-force.     A  stimulus  at  the 

•  I  was  first  shown  this  in  1858  by  the  late  Prof.  Harlbss  in 
Munich,  who  at  the  same  time  showed  me  that  the  nerve  thus  baitd 
of  its  sheath,  if  left  some  hours  in  gastric  juice,  split  up  into  regultf 
discs,  like  the  sarcous  dementi;  of  muscles. 
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I  carrieil  by  a  sensory  fibre  U)  a  cell  in  the  ceiilre ; 
t  point  it  ia  carried  by  another  fibre  to  another  cell ; 
I  that  by  a  third  tibre  to  a  rauscle :  a  reflex  contrac- 
ba.  Thia  U  the  elementary  "  nervous  arc."  But  this 
Iso  higher  arcs  with  which  it  ia  Id  i^nnection :  the 
»U  besides  sending  a  fibre  directly  to  a  motor  cell. 
■  one  upwards  to  the  cerebral  centres;  and  heveafpiin 
i  nervous  arc,  so  tliat  the  cerebral  centre  seiids  down 
be  on  the  motor  cells,  and  the  contraction  whicli 
I  due  to  a  volitional  impulse.  The  transnussioo  of 
llatJon  which  iu  the  tirst  case  wa.«  purely  physical, 
jn  the  latter  case  psychical.  The  sensory  impression 
e  cell  tmnsformed  into  a  senaatioTi.ia  another  cell 
iia,  in  a  third  cell  intu  a  Pulitum. 
rhu  course  is  described  with  a  jirccision  and  a  con- 
irfaieh  induces  the  inexperienced  reader  to  suppose 
Uin  tran-script  or  actual  observation.  I  venture  to  say 
\  imaginary  from  beginning  to  end.  I  do  not  allinn 
pucb  course  is  pursued,  I  only  say  no  such  course 
>  demonstrated,  but  that  at  every  stage  the  requisite 
Dbseniiition  are  thither  incomplete  or  contradictory. 
it  noted  that  the  actions  to  be  explained  are  never 
Bw  of  organs  no  simple  im  the  description  seta  forth. 
1^^  single  fibres  and  cells  that  tbo  stimulus  is 
^HBm.  complex  nerves  and  complex  centres.  Only 
^^^pBlic  artifice  can  ibti  fibre  represent  the  nerve, 
IRPUw  centre.  In  reality  the  cells  of  the  centre 
^  them  to  be  the  only  agenta)  act  in  groups,  and 
f  should  therefore  show  tbcm  to  be  mutually  united 
fi — which  is  what  no  Anatomy  has  succeeded  in 
j|  unleu  the  Neuroglia  be  calletl  upon.  Secondly,  be 
jtbu  the  current  scheme  of  the  relations  between 
I  fibren  10  one  founded  on  physiological  postulates, 
.obaervation.  Thirdly,  much  of  what  is  actually 
is  very  doublfid,  because  we  do  not  know  whether 
Kv  normal,  or  due  to  modes  of  pivparation 
changes.  Wo  cunnot  at  prt;sent  Bay,  f<ir 
the  iibrilhited  upjienronce  of  evil  contents 
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and  axis  cylinder  represents  the  living  structure  or  not  We 
may  either  suppose  that  the  neuroplasmic  pulp  splits  longitn- 
dinally  into  fibrils,  or  that  neuroplasmic  threads  resolve  Uiem- 
selves  into  a  homogeneous  pulp — the  axis  cylinder  may  be  a 
condensation  of  many  fibrils,  or  the  fibrils  may  be  a  resolu- 
tion of  the  substance. 

151.  Let  us  contrast  step  by  step  the  Imaginary  Anatomy 
found  in  the  text-books  with  the  Objective  Anatomy  as  at 
present  disclosed  by  the  researches  of  all  the  chief  workers. 
Imaginary  Anatomy  assumes  that  the  sensory  fibre  passes 
from  a  surface  into  the  cells  of  the  posterior  horn  of  the 
spinal  cord.  Objective  Anatomy  sees  the  fibre  pass  into  the 
grey  substance,  but  declares  that  no  direct  entrance  of  a  fibie 
into  a  cell  is  there  visible. 

Imaginary  Anatomy  assumes  that  from  the  sensory  celb 
of  the  grey  substance  pass  fibres  in  connection  with  the 
motor  cells  of  the  anterior  horn,  thus  forming  a  direct  chan- 
nel through  which  the  excitation  of  a  sensory  cell  is  trans- 
mitted to  a  motor  cell.  Objective  Anatomy  fails  to  discover 
any  such  direct  channel — no  such  fibres  are  demonstrable. 

Imaginary  Anatomy  assumes  that  from  the  motor  cells 
issue  fibres  which  descend  to  the  muscles  and  glands,  and 
carry  there  the  motor  impulses  and  the  "  mandates  of  the  wE" 
Objective  Anatomy  fails  to  find  at  the  utmost  more  than  a 
probability  that  these  cells  are  continued  as  fibres,  a  probar 
bility  which  is  founded  on  the  rare  facts  of  cell  processes 
having  been  seen  extending  into  the  roots  of  the  nerves,  and 
of  a  cell  process  having  occasionally  been  seen  elsewhere  con- 
tinuous with  a  dark-bordered  fibre.  Granting,  however,  that 
this  probability  represents  the  fact,  we  have  thus  only  one  part 
of  the  "  nervous  arc  "  which  can  be  said  to  have  been  verified. 

Imaginary  Anatomy  further  assumes  that  this  nervous  arc 
is  connected  with  cerebral  centres  by  means  of  fibres  ff^o 
upwards  from  the  posterior  cells,  and  fibres  descending 
downwards  to  the  anterior  cells.  Objective  Anatomy  sees 
nothing  of  the  kind.  It  sees  fibres  entering  the  grey  ^^' 
stance,  and  there  lost  to  view  in  a  mass  of  granular  substance, 
fibrils,  neuroblasts,  and  cells.     There  mai/  le  uninterrupted* 
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fibres  passing  upwards  and  downwards  ;  but  it  is  impossible 
to  sec  them.  And  if  we  are  told  that  physiological  interpre- 
tations demand  such  a  structure,  we  may  fairly  ask  if  this, 
and  this  only,  is  the  structure  which  is  adequate  to  the  pro- 
pagation of  excitation  ?  Now  it  seems  to  me  that  another 
kind  of  structure,  and  one  more  closely  agreeing  with  what 
18  observed,  better  answers  the  demands  of  Physiolog}'. 
Tliis  will  be  more  evident  after  the  Laws  of  Nervous 
Action  have  been  expounded  in  the  succeeding  chapter. 
Meanwhile  we  may  remark  that  the  arrangement  of  cells 
and  fibres  which  is  imagined  as  the  mechanism  of  propaga- 
tion and  reflexion  is  absolutely  irreconcilable  with  the  teach- 
ing of  Experiment :  for  the  spinal  cord  may  be  cut  throu;^h 
anywhere,  without  destruction  of  the  transmission  of  sensory 
and  motor  excitations,  provided  only  a  small  ]>ortion  of  grey 
sabstance  be  left  to  establish  the  continuity  of  the  axis. 
Divide  all  the  substance  of  the  posterior  half  in  one  place, 
and  all  the  substance  of  the  anterior  half  in  another,  yet  so 
long  as  there  is  a  portion  of  grey  substance  left  as  a  bridge 
between  the  lower  and  upper  segments,  the  transmission  of 
sensory  and  motor  excitations  will  take  place. 

162.  In  other  essential  respects  we  have  to  note  that  the 
anatomical  evidence  for  the  current  interpretations  is  abso- 
lately  deficient  or  contradictory.  There  is  no  adequate  warrant 
for  the  assumption  that  all  ner\'es  have  their  origin  in  ganglia, 
all  fibres  in  cells.  Such  evidence  as  at  present  exists  is 
against  that  supposition,  and  in  favour  of  the  supposition 
that  both  cell  and  fibre  arc  differentiations  of  a  common 
neuroplasm,  sometimes  directly,  sometimes  indirectly  con- 
tinuous. Fibres,  and  plexuses  of  fibres,  interspersed  with 
cells  irregularly  distributed — now  singly,  now  in  small 
groups,  now  in  larger  and  larger  groups — constitute  the 
fitjured  elements  of  ner\'e-tissue ;  and  even  if  we  set  asi<le 
the  amorphous  substance  as  iiidilU'ront  ov  subonlinate,  we 
have  stUl  no  ground  for  assignin;?  the  supremacy,  nmcli  lt*ss 
the  sole  significance,  to  the  cells.  The  grounds  ol*  this  denial 
have  been  amply  furnished  in  our  exposition.  For,  let  it  1m* 
granted  that  nerve-cells  are  the  origins  of  the  fil>n»s  and  the 
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sources  of  their  nutrition — a  point  which  is  eminently  dis- 
putable— this  would  in  no  sense  help  the  physiological 
hypothesis  of  the  cell  as  the  fountain  of  Neurility.  If  the 
fibre  is  simply  the  cell-contents  drawn  out  longitudinally,  if 
its  essential  element  is  identical  with  the  essential  element 
of  the  cell,  then  we  can  no  more  ascribe  to  the  cell  the  ex- 
clusive property  of  Neurility  than  we  can  draw  a  lump  of 
lead  out  into  a  wire,  and  then  ascribe  diflferent  properties  to 
the  thin  end  and  the  thick  end.  But  on  this  point  it  is  need- 
less to  speculate,  since  we  have  experimental  evidence  piOT- 
ing  that  the  nerve-fibre  has  its  Neurility  even  when  separated 
from  the  cell,  or  even  from  the  ganglion. 

153.  It  is  possible — I  do  not  see  sufficient  evidence  for  a 
stronger  assertion — that  the  cells  are  the  nutritive  sources  d 
the  fibres.  They  may  represent  the  alimental  rather  than 
the  instrumental  activities  of  nervous  life.  (Compare  Pbo- 
BLEM  I.  §  42.)  My  contention  is  that  in  any  case  they  aw 
not  the  supreme  elements  of  the  active  tissue,  and  in  no 
sense  can  they  be  considered  as  organs.  Only  confusion  of 
ideas  could  for  a  moment  permit  such  language,  or  coold 
assign  central  functions  to  cells  which  are  elements  of  tissue. 
If  the  cell  be  credited  with  such  powers  any  where,  it  must 
1)0  credited  with  them  everywhere.  Now  I  ask  what  con- 
ceivable central  function  can  be  ascribed  to  a  cell  which  ter- 
minates the  fibre  in  a  peripheral  ganglion,  or  which  is  merely 
an  enlargement  in  the  course  of  a  fibre  in  a  nerve-bundle? 
Besides  the  facts  alreadv  adduced,  let  attention  be  called  to 
this  :  If  a  nerve-bundle  from  the  suhmucosa  of  the  intestine  be 
examined,  there  appear  among  the  fibres  many  nuclei  (neuro- 
blasts), and  occasionally  ceUs,  unipolar  and  bipolar.  These 
cells — if  we  may  tnist  the  observations  of  Eouget  on  the  earliest 
ilevelopmont  of  nerves,  and  of  Sigmund  Mayer  on  regenerated 
!ierves — are  simply  more  advanced  stages  of  evolution  of  the 
neurt^blrtsts ;  but  whatever  their  genesis  may  be,  there  can  be 
noihing  in  the  nature  of  a  central  function  assigned  to 
them. 

154.  It  may  Im>  askeil.  What  part  can  we  assign  to  cells  m 
neuml  actions  if  they  are  apolar,  unipolar,  and  even  when 
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niiltiiKilar,  isolated  from  each  other,  and  from  fibres  ?  I  con- 
ess  that  I  have  no  answer  ready,  not  even  an  hypothesis. 
Until  some  rational  interpretation  of  the  cell  be  given  we 
nust  be  content  to  hold  an  answer  in  suspense.  What  I 
rould  up^e  is  that  we  are  precipitate  in  assuming  that  the 
inatoniical  connection  between  one  element  and  another 
nust  necessarily  be  that  of  a  fibre.  In  a  semi-Uuid  substance, 
luch  as  neurine,  continuity  may  be  j)erfect  without  solid  fibres : 
;be  amorphous  substance  and  the  ])lasmode  may  as  well 
;ransmit  waves  of  molecular  motion  from  one  part  of  the 
lissue  to  another,  and  therefore  from  cell  to  cell,  or  from  cell 
to  fibre,  as  a  figured  substance  may.  When  the  posterior 
root  enters  the  grey  substance  of  the  cord,  there  is  no  more 
necessity  for  its  fibres  passing  directly  into  the  cells  of  that 
j^Tey  substance,  in  order  to  excite  their  activity,  than  there  is 
for  a  wire  to  {)ass  from  the  bell  to  the  ear  of  the  servant, 
rho  bears  the  vibrations  of  the  bell  through  the  pulsations 
if  the  intervening  air  u|K)n  her  tympanum.  Look  at  the 
amcturo  of  the  retina,  or  the  cerebellum,  and  you  will  fiml 
;hat  the  ganglionic  cells  which  liave  processes  passing  in  a 
lirection  contrary  to  that  whence  the  stimulus  arrives,  have 
none  where  continuity  of  fibre  and  cell  would  be  indis|)enH- 
nble  on  the  current  hypothesis.  Light  stimulates  the  nxls 
and  cones,  but  there  are  no  nerve-fibres,  hitherto  discovered, 
passing  from  these  to  the  ganglionic  celb ;  instead  of  that 
there  is  a  ground-substance  thickly  interspersed  with  gninules 
and  nuclei.  From  the  cells  we  see  processes  issue  ;  to  the 
cells  none  are  seen  arriving.  So  with  the  cerel)elluin.  Tlu* 
iaige  cells  send  their  pi-ocesses  upwards  to  the  surface ;  but 
(iownwanls  towards  the  white  substance  the  processes  art* 
lost  in  the  granular  layer,  whioh  most  histohtgists  regard  as 
conn«*ctivi*  tis.»iue. 

155.  A  mere  glance  at  nervous  tissue  in  any  |)art  will 
Miow  that  cells  are  far  from  forming  the  principal  constitu- 
Mics.  In  the  epidermis  or  a  gland  the  cell  is  obviously  tli** 
chief  element,  forming  the  bulk  of  the  tissue,  and  being  the 
•'baracteristic  agent.  In  nerve-tissue,  as  in  connrrtive  tissui*. 
llio  reverse  is  the  case.     We  must  thert»fore  cease  to  regard 
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the  cell  as  having  the  importance  now  attached  to  it, 
must  rather  throw  the  emphasis  on  the  fibres  and  neoioglk 

156.  Before  quitting  this  subject  let  a  word  be  said  on  the 
amazing  classification  which  has  attained  wide  acceptftQoe 
(although  rejected  by  the  most  eminent  authorities),  founded 
on  the  size  of  the  cells — the  lai*ge  multipolar  cells  being 
specified  as  motor,  the  smaller  cells  as  sensory,  while  those  of 
an  intermediate  size  are  sympathetic.  I  forbear  to  dweU  (m 
the  development  of  this  notion  which  specifies  sensational, 
ideational,  and  emotional  cells,  because  this  does  not  pretend 
to  have  a  basis  in  observation ;  whereas  there  are  anatomi- 
cal facts  which  give  a  certain  superficial  plausibility  to  the 
original  classification.  The  conception  is  profoundly  nn- 
physiological ;  yet,  if  the  anatomical  evidence  were  constant^ 
one  might  give  it  another  interpretation.  The  evidence  is, 
however,  not  constant.  Large  cells  are  found  in  r^ions 
assigned  to  sensory  nerves,  and  small  cells  in  motor  regions. 
In  the  spinal  cord  of  the  tortoise  Stieda  declares  that  the 
so-called  motor  cells  are  limited  to  the  cervical  and  lumbar 
enlargements;  all  the  rest  of  the  motor  region  being  abso- 
lutely destitute  of  them.*  Again  look  at  the  cells  of  the 
retina — no  one  will  assign  motor  functions  to  them — ^yetthey 
are  the  same  as  those  of  the  cerebellum  and  the  anterior 
liorns  of  the  spinal  cord.  (It  is  worth  a  passing  mention 
that  the  structure  of  the  nervous  parts  of  the  retina  more 
closely  resembles  that  of  the  cerebellum  than  of  the 
cerebrum.) 

157.  "While  our  knowledge  of  the  cell  is  thus  far  in( 
from  having  the  precision  which  the  text-books  display,  aod 
in  no  sense  warrants  the  current  physiological  interpretations, 
our  knowledge  of  fibres  and  neuroglia  is  also  too  incomple^ 
for  theoretic  purposes.  We  know  that  the  axis  cyUnder  w 
the  essential  element ;  but  we  are  still  at  a  loss  what  part  w 
to  be  assigned  to  the  medullary  sheath.  There  is  indeed  a 
popular  hypothesis  which  pronounces  it  to  be  the  means  of 
insulating  the  fibre,  and  thus  preserving  the  isolated  conduc- 

*  Stieda  :    Bau  des  centraUn    Xervaisf/sttm    der    Amphibun  ^^ 
Reptilien^  1875,  p.  41. 
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tion  of  nerve- force.  Ikiing  of  afatty  nature,  this  insulating  office 
was  readily  suggested  in  agreement  "with  the  assumption  that 
Neurility  was  Electricity.  Now,  without  discussing  whether 
Neurility  is  or  is  not  Electricity,  even  admitting  the  former  to 
be  satisfiictorily  proved,  I  must  remark  that  the  admission  still 
leaves  the  medullary  sheath  incapable  of  fulfilling  the  sup- 
posed office,  since  not  only  is  there  no  such  sheath  in  most  of 
the  invertebrates  and  in  the  sympathetic  nerves  of  vertebrates, 
bat  even  in  those  nerves  which  have  the  sheath  it  is  pre- 
cisely in  places  where  the  insulation  would  be  most  needed 
— ^namely,  just  before  the  terminations  of  the  fibres  in 
muscles  and  in  centres — that  the  sheath  is  absent.  This  is  as 
if  we  tried  to  conduct  water  through  a  pipe  which  fell  short 
at  both  ends — before  it  left  the  cistern,  and  before  it  reached 
the  spot  to  be  watered.  If  there  is  a  tendency  in  Neurility 
to  spread  wherever  it  is  not  insulated  by  a  medullary  sheath, 
then  before  reaching  the  centres  and  the  muscles,  it  must, 
on  the  insulating  hypothesis,  dribble  away ! 

158.  The  facts  expressed  in  the  "  law  of  isolated  conduc- 
tion "  are  important,  and  are  difficult  of  explanation ;  but  it 
is  obvious  that  they  cannot  be  referred  to  the  presence  of 
the  medullary  sheath.  Nor  indeed  will  any  insight  into  the 
propagation  of  stimulation  through  the  centml  axis  be  intel- 
ligible until  we  have  reformed  our  anatomical  theories,  and 
taken  the  Neuroglia  into  account.  The  theory  which  con- 
nects every  fibre  directly  with  a  cell,  and  every  cell  with 
another  by  anastomosis — even  were  it  demonstrated — would 
not  explain  the  law  of  isolated  conduction.  Butzke  cogently 
remarks*  that  such  a  disi>osition  of  the  elements  should 
render  all  neural  paths  invariable;  whereas  the  fact  is 
that  they  are  very  variable.  We  learn  to  perform  actions, 
and  then  we  unlearn  them ;  the  paths  are  traversed  now  in 
nne  direction,  now  in  another.  Fluctuation  is  the  character- 
istic of  central  combinations.  And  for  this  fluctuating  coni- 
liination  of  elements  a  corresinrnding  diversity  is  re(|uired 
in  the  possible  channels.    This  seems  to  be  furnished  by  the 

*  BuTZRE,  in  Areltiv  fur  mikrosl'opische  Anatomies  Bd.  iii.  Ileft  3, 

1^596. 
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network  of  the  Neuroglia.     See  the  VepresentatitHi  copied 
ttom  Butzk«'s  plate,  and  note  how  the  cell-process  bl^ 
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with  the  meshes  of  the  Neuroglia.  Is  it  f&nciful  to  legud 
this  network  of  fibrils  as  having  somewhat  the  relation  of 
capillaries  to  blood-vessels  ?  Did  we  not  experinentallf 
know  that  the  capillaries  are  tenninal  blood-vessels,  m 
should  not  suspect  it  horn  mere  examination  of  the  atrac- 
ture. 

156.  Having  insisted  that  our  koowledge  is  insufficieol 
for  any  explanation  of  tlie  "  law  of  isolated  conduction."  I 
can  only  suggest  a  path  of  research  which  may  lead  to  sMue 
result.  What  we  know  is  that  some  stimulations  are  propa- 
gated from  one  end  of  the  cerebro-spinal  axis  to  the  other  in 
definitely  reairided  paths,  while  others  are  irradiated  alon_( 
many  paths.  In  the  succeeding  chapter  this  wiU  be  mw* 
fully  considered ;  what  we  have  here  to  note  is  that  ll* 
manifold  irradiations  of  a  stimulation  have  an  anatomic*' 
substratum  in  the  manifold  subdivisions  of  the  network 
of  fibrils  and  the  amorphous  substance  in  which  they  pene- 
tmte. 

160.  In  conclusion,  I  would  say.  let  no  one  place  a  tw 
great  confidence  in  the  reigning  doctrines  respecting  il"* 
elementary  structure  of  the  nervous  system,  but  accept  eii'*'J 
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stitement  as  a  "  working  hypothesis  "  which  has  its  value  in 
so  far  as  it  links  together  verified  facts,  or  suggests  new 
reaearch,  but  is  wholly  without  value  in  so  far  as  it  is  made 
a  basis  of  <leductions  not  otherwise  verified.  Hypotheses  are 
indispensaMc  to  research,  but  they  must  be  accompanied  by 
vii^ilant  scepticism.  Imagination  is  only  an  enemy  to  Science 
Then  Scepticism  is  asleep. 


(    276    ) 


CHAPTER  VIII. 

THE  LAWS  OF  NERVOUS  ACTIVITY. 

161.  The  foregoing  remarks  have  had  the  object  of  show- 
ing how  little  substantial  aid  Psychology  can  at  present 
derive  from  what  is  known  of  the  elementary  structure  of 
the  nervous  system,  indispensable  as  an  accurate  knowledge 
of  that  structure  must  be  to  a  complete  analysis  of  its  func- 
tions. This  caution  has  been  specially  addressed  to  those 
medical  and  psychological  students  whose  researches  leave 
them  insufficient  leisure  to  pursue  microscopical  investiga- 
tions for  themselves,  and  who  are  therefore  forced  to  rely  on 
second-hand  knowledge,  which  is  usually  defective  in  the 
many  qualifying  considerations  which  keep  scepticism  vigi- 
Icmt.  Eelying  on  positive  statements,  and  delusive  diagrams 
which  only  display  what  the  observer  imagines,  not  what  he 
actually  sees,  they  construct  on  such  data  theories  of  disease, 
or  of  mental  processes ;  or  else  they  translate  observed  facts 
into  the  terms  of  this  imaginary  anatomy,  and  offer  the 
translation  as  a  new  contribution  to  Science. 

162.  But  little  aid  as  can  at  present  be  derived  from  the 
teaching  of  the  microscope,  some  aid  Psychology  may  even 
now  derive  from  it.  The  teaching  will  often  serve,  for 
instance,  to  correct  the  precipitate  conclusions  of  subjective 
luialysis,  which  present  artificial  distinctions  as  real  distinc- 
tions, separating  what  Nature  has  united.  It  will  show  cer- 
tain organic  connections  not  previously  suspected ;  and  sinc^ 
whatever  is  organically  connected  cannot  functionally  ^ 
Hoparated,  such  sharply-marked  analjrtical  distinctions  ^ 
thoso  of  periphery  and  centre,  or  of  sensation  and  motion, 
must  Ih)  only  regarded  as  artificial  aids.  The  demonstration 
uf  the  iuilissoluble  union  of  the  tissues  is  a  demonstration  oi 
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Mr  fanctional  co-operation.  So  also  the  anatomical  demon- 
ration  of  the  similarity  and  continuity  of  all  parts  of  the 
utn]  system  sets  aside  the  analytical  separation  of  one 
Kh  from  another,  except  as  a  convenient  artifice ;  proving 
kecnbml  substance  ia  one  with  spinal  substance,  having 
mmoa  properties,  the  same  laws  of  action. 
F<vtlie  present.  Psychology  must  seek  objective  aid  from 
bjNolii}^  and  Pathology  rather  than  from  elementary 
ubmiy.  In  tlic  paragraphs  which  are  to  follow  I  shall 
ieivour  to  select  the  chief  laws  of  nervous  activity  whicli 
inasearchea  of  physiologists  and  pathologists  disclose.  By 
t$  laws  we  may  direct  and  control  psychological  research. 

f 

i  THE  ESEnCY   OF  KEORILITT. 

163,  Vitality  ia  characterised  by  incessant  molecular 
ivnncnt,  Itotb  of  composition  and  decomposition,  in  the 
Sding  up  of  structure  and  the  liberation  of  enei-gy.  The 
every  orgaiiistn  is  a  complex  of  changes,  e^ch  of  which 
or  indirpctly  affects  the  statical  and  dynamical  re)a- 
each  being  the  resultant  of  many  co-operant  forces. 
nourishment  of  every  organile  there  ia  an  accumula- 
molecular  tension,  that  is  to  say,  stored-up  energy  in 
state,  ready  to  be  expended  in  the  activity  of  that 
;  and  this  expenditure  may  take  place  in  a  steady 
IB  a  sudden  ^sh.  The  molecular  movements  under 
may  be  called  convergent,  or  formativt:  they 
I  die  structure,  and  tend  to  the  state  of  equilibrium 
b  we  coll  the  statical  condition  of  the  organite,  i.e.,  the 
ilioD  in  which  it  is  not  active,  but  ready  to  act  Perfect 
jftrium  is  of  course  never  attained,  owing  to  the  inces- 
i  molecular  change :  indeed  Life  is  inconsistent  with 
^Bte  repose.  Under  another  a^i>ect  the  nioleciiliir  move- 
iniay  be  called  discharging :  iK-y  constitute  tlie  dynamic 
ilion  of  the  nrgnnite,  in  which  its  functional  activity 
BS.  Tlie  enefgy  is  now  diverted,  liberated,  and  the  sur- 
lOver  and  above  that  which  ia  absorbed  in  formation, 
kd  of  slowly  dribbling  off,  gushes  forth  in  a  directed 
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stream.  The  slow  fonnation  of  a  secretion  in  a  glaod-cell 
and  the  discharge  of  that  secretion,  will  illustrate  this ;  or  (if 
muscular  tone  be  admitted)  the  incipient  contraction  d  the 
chronic  state,  and  the  oomplete  contraction  of  the  dynamic 
state,  may  also  be  cited. 

164.  The  discharge  which  follows  excitation  may  thus  be 
viewed  as  a  directed  gruantiiy  of  molecular  movement  Becaise 
it  is  always  strictly  relative  to  the  energy  of  tension,  and  ia 
inevitable  when  that  tension  attains  a  certain  surplus  over 
what  is  required  in  construction,  there  is  a  limit,  i°,  totke 
growth  and  evolution  of  every  organite,  and  every  organism 
(comp.  Problem  I.  §  ii8),  and,  2**,  to  its  dynamical  effect. 
When  there  is  no  surplus,  the  organite  is  incapable  of 
discharge :  it  is  then  exhausted,  i.e.,  will  not  respond  U) 
stimulus. 

165.  The  speciality  of  nerve-tissue  is  its  pre-eminence  in 
directive  energy.  like  all  other  tissues,  it  grows,  develops, 
and  dies ;  but  above  all  others  it  has  what  we  call  excUabilUjIt 
or  readiness  in  discharging  its  energy  in  a  directed  stream. 
By  its  topographical  distribution  it  plays  the  functional  part 
of  exciting  the  activity  of  other  tissues :  it  transmits  mole- 
cular disturbance  from  periphery  to  centre,  from  centre  to 
centre,  and  from  centre  to  muscles,  vessels,  and  glands. 
When  a  muscle  is  excited  it  moves,  and  when  a  gland  is 
excited  it  secretes ;  but  these  actions  end,  so  to  speak,  with 
themselves ;  the  muscle  does  not  directly  move  any  other 
muscle ;  *  the  gland  does  not  directly  excite  any  other  glani 

*  Except  in  the  rare  coses  where  there  is  anastomoeis  of  the  musde- 
librcs ;  tis,  for  example,  in  the  heart     [According  to  ENOBLiuJia's 
ruinarkable  researches,  the  muscles  of  the  heart  form  a  continuum,  so 
Umt  irritation  is  propagated  from  one  to  the  other :  P/lUger's  ^rc4t9, 
1875,  p.  465,     This  is  indubitably  the  case  in  the  embryonic  hearty  as 
KoRRARD  pointed  out]    This  I  hold  to  be  the  main  cause  of  its  rhythmic 
pulsation  after  remo%'al  from  the  body.    Whatever  influence  the  ganglia 
may  have  in  exciting  this  pulsation,  such  influence  woidd  be  powerless 
won^  not  Uie  muscles  so  connected;  as  may  be  seen  in  the  other  oi^gans 
which  are  richly  supplied  with  ganglia,  yet  do  not  move  spontaneoosly ; 
and  in  organs  (such  as  the  ureter  or  the  embryonic  heart,  and  the  hearts 
of  invvrtebrata)  which  move  spontaneously,  yet  have  no  gangliiL 


r 

liiNrre,  on  the  cttntnir>',  has  nlwftys  a  widespreading 
IJl:  il  excites  a  centre  which  is  continuous  with  other 
In ;  uiil  in  exciting  one  muscle,  usually  excites  a  group. 

tllie  ui'Protis  systt'in  is  that  whieh  binds  the  difffrtnl 
inta  n  diputmir.  xtnUy.  And  Comparative  Atiatottiy 
•  that  there  is  n  piimllelisni  Imtwcen  the  development 
biysten  and  the  efficient  complexity  or  the  organism, 
I  tiaanee  lieoome  more  and  more  specialised,  and  the 
I  and  more  individualised,  they  vrould  become 
t  ud  more  unsnited  to  the  <;;cncral  service  q[  the 
I,  were  it  not  that  a  corresponding  development  of 
rvous  system  brought  a  unifying  mechanism. 

■  instability  of  neurine,  in  other  words,  its  liigli 
I  of  tension,  renders  it  especially  apt  to  disturb  the 
B  nf  other  titsnes.  It  is  very  variable ;  and  Has  varia- 
yvill  hare  to  be  tnken  into  account  in  explaining  the 
of  dischnrgcs  to  particular  centres.  A  good 
I  of  (txaggerateil  tension  is  liirnished  by  strrcbniuo 
The  centres  are  then  so  readily  excitable  that  a 
^  M-  a  puff  of  cold  air  on  the  skin,  will  determine  con- 
And  it  is  worthy  of  remark  (hat  for  some  houn 
1  convulsive  discharge  the  centres  return  to  some- 
t  their  normal  stat« ;  and  the  animal  may  then  be 
I,  pinched,  or  blown  upon  without  abnormal  reactions. 
g  this  interval  the  centres  arc  slowly  accumulating 
■  of  tension  from  the  poisoned  blood  ;  and  at  the  close, 
Bwill  again  follow  the  slightest  slinndus.  This 
I  of  exhaustion  and  recrudescence  ia  noticed  by 
B  der  Kolk  in  the  periodicity  of  the  pUeuumeua 
3  m  spiim]  disease.* 

THE  ritoPAGATios  oy  kxcitatioji, 

IB-  Vmi«iii landing,  then,  that  tlie  jiropagation  of  an  ex- 
tfaa  depends  on  the  state  of  tension  of  the  tissue,  and 
^  foUowfl  th«  line  of  least  resistance,  whichever  that 
VAX  DBS  Kolk  :  Ami  wttf  fWiirtmrn  Ar  Ittd.  l^ptnaiu 
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may  be  at  the  moment,  we  have  to  inquire  whether  the 
transmission  takes  place  only  in  one  direction,  from  peri- 
phery to  centre  in  sensory  nerves,  and  from  centre  to  peri- 
phery in   motor   nerves?      By  most  physiologists  this  is 
answered  affirmatively.     Indeed  a  special  property  has  been 
assigned  to  each  nerve,  in  virtue  of  this  imaginary  limitation 
of  centripetal  and  centrifugal  conduction.     The  "  nerve-cur- 
rent "  (accepted  as  a  physical  fact,  and  not  simply  a  meta- 
phor) is  supposed  to  "  flow  "  from  the  central  cells  along  the 
motor  nerve  to  the  muscles ;  but  by  a  strange  oversight  the 
current  is  also  made  to  "  flow "   towards  the  central  ceUs 
which  are  said  to  produce  it !     Now  although  the  fact  may 
be,  and  probably  is,  that  normally  the  sensory  nerve,  being 
stimulated  at  its  peripheral  end,  propagates  the  stimulation 
towards  the  centre,  and  the  motor  nerve  propagates  its  cen- 
tral stimulation  towards  the  periphery,  the  question  whether 
each  ner^e  is  not  capable  of  transmission  in  both  directions 
is  not  thus  answered.     A  priori  it  is  irrational  to  assert  that 
nerves  fundamentally  alike  in  composition  and  structure  are 
unlike  in  properties ;  and  we  might  as  well  suppose  that  a 
train  of  gunpowder  could  only  be  fired  at  one  end,  as  to  sup- 
pose that  a  nerve  could  only  be  excited  at  one  end.    And 
how  does  the  evidence  support  this  a  priori  conclusion? 
Dubois  Eeymond  proved  that  each  nerve  conducted  electri- 
city in  both  directions  ;  but  as  Neurility  has  not  been  satis- 
factorily shown  to  be  identical  with  the  electric  current,  this 
may  not  be  considered  decisive.     Such  a  doubt  does  not  hang 
over  the   following  facts.     ^I.   Paul   Bert,   pursuing  John 
Hunter's  curious  experiments  on  animal  grafting,  has  grafted 
the  tail  of  a  rat  under  the  skin  of  the  rat's  back,  the  tip  o» 
the  tail  being  inserted  imder  the  skin,  its  base  rising  into  the 
air.  so  that  there  is  here  an  inversion  of  the  normal  position- 
In  the  course  of  time  Sensibility  gradually  reappears  in  t^^^ 
graftoii  tail :  and  at  the  end  of  about  twelvemonths  the  r^ 
not  only  feels  when  the  tail  is  pinched,  but  knows  where  the 
irritation  lies,  and  turns  round  to  bite  the  pincers.*    Hei* 

•  It  18  verv  instnictiTe  to  leam  that  for  some  six  months  or  so  tn« 
r*t  ia  i^uite  incapable  of  con\H:tlT  localising  the  pain. 
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ive  a  caae  of  a  seosory  nerve  reveraed,  yet  Iransniitling 
lalion  from  the  base  to  ihe  tip  of  the  tail,  instead  of 
the  lip  to  the  base,  as  io  u  nornial  organ.  Vulpian  ami 
^ptuuz  liaving  divided  two  nerves,  united  tbe  central 
'  the  sensory  nerve  with  the  peripheral  end  of  tliu 
nerve;  when  the  oi^nic  union  was  complete,  and 
Derve  was  formed  out  of  the  halves  of  two  diiferent 
I,  the  effect  of  pinching  one  of  theae  was  to  produce 
luieously  pnin  am)  movement,  showing  that  the  excita- 
ru  traiismilted  upwaMs  to  the  centre,  and  downwards 
!  miuclea.*  It  may  l>e  compared  with  a  train  of  gun- 
ir  having  a  loaded  cannon  at  one  end  and  a  bundle  of 
•t  tbe  other,  when  if  a  spark  be  dropped  anywhere  on 
ntn,  the  flame  runs  along  in  both  directions,  explodes 
DDOu,  and  sete  alight  the  straw. 

r.  Indeed  we  have  only  to  remember  tbe  semi-liquid 
I  of  the  alia  cylinder  to  see  at  once  that  it  must  eon- 
I  wave  of  motion  as  readily  in  one  direction  as  in  an- 
A  liquid  transmits  waves  in  any  direction  according 
I  Initial  impulse.  There  is  consequently  no  reason  for 
ting  that  because  tlie  usual  direction  is  centripetal  in  a 
and  centrifugal  in  a  motor  nerve,  each  nerve 
ttpahU  of  transmitliiig  excitations  in  both  directions. 
1  think  many  phenomena  are  more  intetligiblo  on  the 
rtioo  that  neural  transmission  is  in  both  directions, 
eye  is  fixed  steadfastly  on  a  particular  colour  during 
ninnies,  the  retina  becomes  exhausted,  and  no  longer 
to  the  stimulus  of  that  colour :  here  the  stimulation 
ecmrse  cuntripetul.  But  if  instead  of  looking  inteutly 
colour,  the  mind  (in  complete  absence  of  light)  pic- 
it  intently,  thi*  cerebral  imayi:  h  eqtially  capable  of  nc- 
iag  tlu  retina;  and  unless  we  tielieve  tliat  colour  ia  a 

Ztfeiu  HIT  U  Syitinu  ^erveiti,  ]i,  388.  Tlia  expiriment 
B  CdUBniwil  by  RoBKKTHAL,  and  by  BiUDra  (Arehw  /iir  Ana- 
S6f.  p.  146},  who  6r*l(iii  t84l)atIi>mptMl  tbUiininn  ofdifTerant 
b«  arrircd  at  negative  f«*u)ti ;  im  did  Scuinr  {LArimtk  dtr 
-  >'S9-  P'  '34)  "'^  Qluok  tt  THURNeaiii  {AiaiaU*  det  aeitneu 
lto.1859.P-i8')- 
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cerebral,  not  a  retinal  phenomenon  (which  is  my  private 
opinion),  we  must  accept  this  as  proof  of  a  centrifugal  excite* 
tion  of  a  sensory  tract  Another  illustration  may  be  dnwn 
from  the  muscular  sense.  There  may  be  a  few  sensoiy  fibres 
distributed  to  muscles ;  but  even  if  the  observations  of 
Sachs  '*'  should  be  confirmed,  I  do  not  think  that  all  miuck 
sensations  can  be  assigned  to  these  fibres,  but  that  the  so- 
called  motor  fibres  must  also  co-operate.  When  a  nerve  aoU 
upon  a  muscle,  the  muscle  reacts  on  the  nerve ;  and  when  a 
nerve  acts  on  a  centre,  the  centre  reacts  on  the  nerve.  The 
iigitation  of  the  central  tissue  cannot  leave  the  nerve  whidi 
blends  with  it  imafifected;  the  agitation  of  the  mascolar 
tissue  must  also  by  a  reversal  of  the  "  current "  a£fect  its 
nerve.  Laplace  points  out  how  the  movement  of  the  htod 
which  holds  a  suspended  chain  is  propagated  along  the  chain 
to  its  terminus,  and  if  when  the  diain  is  at  rest  we  once 
more  set  that  tenninus  in  motion,  the  vibration  will  n- 
mount  to  the  hand.f  The  contraction  of  a  muscle  will  not 
only  stimulate  the  sensory  fibres  distributed  through  it,  but 
also,  I  conceive,  stimulate  the  very  motor  fibres  whidi 
caused  the  contraction,  since  these  fibres  blend  with  the 
muscle,J 

168.  To  understand  this,  it  is  necessary  to  remember  liat 
the  stimulation  of  a  nerve  does  not  arise  §  in  the  changed  iMt 
of  that  nerve,  but  in  the  jrrocess  of  change,  t,e.,  the  disturb- 

•  Sachs,  in  the  ArchivjnrAnat.,  1874,  pp.  195,  sq. 

t  Laplace  :  Essai  Philas.  sur  Its  ProbabiliUs,  p.  239. 

J  The  mode  of  termination  of  nerves  in  muscles  is  still  a  point  on 
which  histologists  disagree ;  probably  because  there  is  no  abrupt  te^ 
mination,  but  a  blending  of  the  one  tissue  with  the  other.  In  ve 
Tanlignuies,  for  example,  there  is  actually  no  appreciable  distinction 
K^tweeu  nerve  ajid  muscle  at  the  point  of  insertion  of  Uie  nerve ;  «^" 
if  in  the  higher  animals  theiv  is  an  appreciable  difference  between 
nerve  and  muscle,  there  is  an  insejKiRible  blending  of  undifferentiite^ 
substance  at  their  |voint  of  junction.  [According  toENQSLMANN's  recent 
rt*«earche8«  tliere  seems  g\Hxl  reason  to  suppose  that  muscles  are  ta^ 
|H^MHi  of  contractile  substance  and  a  substance  which  is  a  modification 
of  axis-cylinder  substance  :  the  first  being  doubly  refracting,  the  iec«»d 
inotropic  :  iWy^r  #  .4rt^ir,  187$,  p.  43-0 

§  SCHlFF  :  Lfhrbuch^  \\  73. 
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r  the  tooaioD.     The  duration  of  the  BtimiiktioD  is  Lliat 

ehuif^&g  process,  and  the  intensity  inrreases  with  the 

of  tlie  velocity  of  •jhange.     So  that  vihea  a  nerve 

hu  been  excited  by  a  change  of  state  returns  to  its 

state,  this  retam — being  another  change — ia  a  new 

NL     That  it  is  not  the  changed  state,  but  the  change, 

t  operative,  explauis  the  fact  noted  by  Brown  S^uanl : 

poiaonod  by  stryrhiiiue.  when  decapitated  and   all 

ion  deetraytHl,  will  remain  motionless  for  days  to- 

if  carcfnlly  protected   from  all  external  excitation ; 

nerroua  system  is  in  such  a  state  of  tension  all  this 

luit  the   first    touch    produces    general    convulsions. 

Bg  nko  DOtus  that  it'  a  brainless  frog  be  Busi>ended  by 

nt  j*w,  and  oupi  foot  be  pinched,  the  otiier  leg  is 

at  ilrst,  then  quickly  droops  again,  and  remains  at 

til  tbfi  pincers  are  removed  from  the  pinched  foot, 

saddenly  all  four  legs  are  %iolently  moved   by  the 

which  the  timjde  rrmmal  produe<s.     Let  ii8  also 

woll-kiiunii  and  aigniticant  fact  tiiat  if  a  nerve  be 

rapidly  by  a  sliarp  razor,  neither  sensation  nor  motion 

the  intensity  of  a  stimulus  being,  to 

nathematically,  tht  function  of  the  than/jimj  procets,  t)iu 

of  ihf  process  is  in  this  ra«c  l«o  brief.     On  the 

groond  tiie  application  of  a  stimulus  will  excite  no 

if  the  force  he  very  slowly  increased  from  zero  to 

which  will  dtsstroy  tlie  nerve ;  but  at  any  stage 

will  excite  a  movement. 

17  group  all  the  foregoing  coneidermtions  in 


f  oeuial  process  ia  due  to  a  sudden  dislurb- 
c  of  the  molecular  tension.  The  liberated  energy  is 
discharged  along  the  lines  of  least  n-sistance. 
{^conditions  which  determine  the  linus  of  least  resist- 
I  manifold  and  varialilu.  The  nervous  system  is  a 
I  wtwle,  each  part  of  which  is  coimecteil  with 
%  otgana ;  but  in  8pit«  of  this  anatomical  diversity,  the 
tnntfonnity  causes  the  activity  of  each  part  to  depend 
A  iOTolvs  the  activity  uf  eveiy  other,  more  or  less.     By 
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"  more  or  less  "  is  meant,  that  although  the  excitation  of  one 
part  necessarily  affects  the  state  of  all  the  others,  becaoseof 
their  structural  community,  so  that  each  sensation  and  mk 
motion  really  represents  a  change  in  the  whole  organism^  yet 
the  responsive  discharge  determined  in  each  organ  by  this 
change,  depends  on  the  tension  of  the  organ  and  its  centre  at 
that  moment.  A  bad  harvest  really  aflfects  the  whole  nation; 
but  its  effect  is  conspicuous  on  the  welfare  of  the  poor  rather 
than  of  the  rich,  although  the  price  of  bread  is  the  same  to 
rich  and  poor.  Nervous  centres,  and  muscular  or  glandular 
organs,  difl'er  in  their  excitability ;  one  condition  of  this 
greater  excitability  being  the  greater  frequency  with  which 
they  are  called  into  activity.  The  medulla  oblongata  is 
normally  more  excitable  than  the  medulla  spinalis;  the 
heart  more  than  the  limbs.  Hence  a  stimulus  which  wiU 
increase  the  respiration  and  the  pulse  may  have  no  apfrtr 
ciahle  effect  on  the  limbs ;  but  some  effect  it  must  have. 

170.  Imagine  all  the  nerve-centres  to  be  a  connected 
group  of  bells  varying  in  size.  Every  agitation  of  the  con- 
necting wire  will  more  or  less  agitate  all  the  bells ;  but  since 
some  are  heavier  than  others,  and  some  of  the  cranks  less 
movable,  there  will  be  many  vibrations  of  the  wire  which 
will  cause  some  bells  to  sound,  othei-s  simply  to  oscillate 
without  sounding,  and  others  not  sensibly  to  oscillate.  Even 
some  of  the  lighter  bells  will  not  ring  if  any  external  pressnre 
arrests  them ;  or  if  they  are  already  ringing,  the  added  im- 
pulses, not  being  rhythmically  timed,  will  arrest  the  ringing- 
So  the  stimulus  of  a  sensory  nerve  agitates  its  centre,  and 
through  it  the  whole  system ;  visually  the  stimulation  is 
nuiinly  reflected  on  the  group  of  muscles  innervated  fiw^ 
that  centre,  because  this  is  the  readiest  path  of  discharge; 
but  it  sometimes  does  not  mainly  discliarge  along  this  path, 
the  line  of  least  resistance  lvin<T  in  another  direction;  and 
the  discharge  never  takes  this  path  without  also  irradiating 
upwanls  and  downwards  through  the  central  tissue.  Thus 
irnidiutod,  it  tails  into  the  general  stream  of  neural  processes; 
and  aooonling  to  the  state  in  which  the  various  centres  are  at 
I  ho  «\omont  it  modifies  their  activity.    A  nervous  shock-^ 
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physical  or  mental — sensibly  alleets  all  the  organs.  A  severe 
wound  paralyses,  for  a  time,  parts  far  removed  from  the 
wounded  spot  A  blow  on  the  stomach  will  arrest  the  heart ; 
a  fright  will  do  the  same.  Terror  relaxes  the  limbs,  or  sets 
them  trembling ;  so  does  a  concussion :  if  a  frog  be  thrown 
violently  on  the  ground,  all  its  muscles  are  convulsed ;  but 
if  the  nerves  of  one  limb  be  divided  before  the  shock,  the 
muscles  of  that  limb  will  not  be  convulsed. 

171-  We  are  apt  to  regard  the  discharge  on  the  moving 
organs  as  if  that  were  the  sole  response  of  a  stimulation ;  but 
although  the  most  conspicuous,  it  is  by  no  means  the  most 
important  effect  Besides  exciting  the  muscles,  more  or  less, 
every  neural  process  has  its  influence  on  the  organic  pro- 
cesses of  secretion,  and  effects  thermal  and  electrical  clianges. 
Schifif  has  demonstrated  that  every  sensation  raises  the  tem- 
perature of  the  brain ;  Nothnagel,  that  irritation  of  a  sensory 
nen^e  causes  constriction  of  the  cerebral  arteries,  and  hence 
cerebral  ansemia.  Brown  Sequard  and  Lombaid  find  the 
temperature  of  a  limb  raised  when  its  skin  is  pinched,  and 
lowered  when  the  skin  elsewhere  is  pinched.  Georges  Pouchet 
has  shown  that  fishes  change  colour  according  to  the  bright- 
ness or  darkness  of  the  ground  over  which  they  remain ;  and 
these  changes  are  dependent  on  nervous  stimulation,  mainly 
through  the  eye,  division  of  the  optic  nerves  preventing  the 
change.  These  are  so  many  a  posteriori  conKrmations  of 
what  a  priori  may  be  foreseett  They  are  cited  here  merely 
to  enforce  the  consideration,  seldom  adequately  kept  before 
the  mind,  that  every  neural  process  is  a  change  which  causes 
other  changes  in  the  whole  organism. 

STIMULI. 

172.  Stimuli  are  classed  as  external  and  internal,  or  phy- 
sical and  physiological.  The  one  class  comprises  all  the 
agencies  in  the  External  Mt'dium  which  appreciably  affect 
the  organism;  the  other  cla.ss  all  the  changes  in  the  organism 
which  appreciably  disturb  the  equilibrium  of  any  organ. 
Although  the  pressure  of  the  atmosphere,  for  example,  un- 
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questionably  affects  the  organism,  and  determines  (aguiic 
processes,  it  is  not  reckoned  as  a  stimulus  unless  the  effect 
become  appreciable  under  sudden  variations  of  the  prmoR 
In  like  manner  the  blood  is  not  reckoned  amoxig  the  intenil 
stimuli,  except  when  sudden  variations  in  its  composition,  or 
its  circulation,  determine  appreciable  changes.  Because  the 
external  stimuli,  and  the  so-called  Senses  which  respond  to 
them,  are  more  conspicuous  than  the  internal  stimuli  and 
the  Systemic  Senses,  they  have  unfortunately  usurped  too 
much  attention.  The  massive  influence  of  the  Systonic 
Sensations  in  determining  the  desires,  volitions,  and  ooneep- 
tions  of  mankind  has  not  been  adequately  recognised.  Yet 
every  one  knows  the  effect  of  impure  air,  or  a  congested  liver, 
in  swaying  the  mental  mood ;  and  how  a  heavy  meal  inter- 
feres with  muscular  and  mental  exertion.*  What  is  confipieB- 
ous  in  such  marked  efieets,  is  less  conspicuously,  butnolksB 
necessarily,  present  in  slighter  stimuli 

173.  A  constant  pressure  on  the  tympanum  exdles  bd 
sound ;  only  a  rhythmic  alternation  of  pressures  will  excite 
the  sensation.  A  constant  temperature  is  not  felt;  only 
changes  in  temperature.  If  Light  and  Sound  were  as  luu- 
form  as  the  circulation  of  the  blood,  or  the  pressure  of  the 
atmosphere,  we  should  be  seldom  conscious  of  the  existence 
of  these  stimuli.  But  because  the  changes  are  vaiiedind 
marked,  our  attention  is  necessarily  arrested  by  thent  Th^ 
changes  going  on  within  the  tissues  are  too  graduated  to  &c 
the  attention;  it  is  only  by  considering  their  cumulativ« 
effects  that  we  become  impressed  with  their  importance. 
For  example,  the  development  of  the  sexual  glands  detfif- 
mines  conspicuous  physical  and  moral  results — we  note  con- 
sequent effects  on  voice,  hair,  horns,  structure  of  the  skuU 
and  size  of  the  muscles,  no  less  than  the  rise  of  new  feelings, 
desires,  instincts,  ideas.     Any  organic  interference  with  the 

*  Freusberq  observed  that  the  reflex  movementa  in  the  l^ofa 
dog  whose  spine  had  been  divided  were  considerably  lessened  after 
food  or  drink.  They  fell  from  95  to  46  pendulnm-beats  in  a  minute 
after  a  litre  of  water  had  been  drunk.  See  his  instructive  memoir, 
Reflex- Liihm'ungtn  heim  Hunde,  in  PflUger's  Ardiiv,  1874,  p.  369^ 
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tctivity  of  tlie  ovaries  will  alter  the  moral  disposition  of  the 
inimal :  suppression  of  this  organic  process  means  non-de- 
relopment  of  the  feelings  of  maternity;  the  moral  super- 
liracture  is  absent  because  its  physical  basis  is  wanting. 

174.  Bloo<l  supplies  the  tissues  Mrith  their  plasmodes;  n 
»nstaiit  supply  of  oxygenated  blood  is  therefore  necessary  to 
the  vitality  of  the  tissues.  But  it  is  an  error  to  suppose  that 
UEygen  is  the  special  stimulus  of  nerve-  centres,  or  that  their 
iciivity  depends  on  their  oxidation;  on  the  contrary,  the 
deficiency  of  oxygen  or  surplus  of  carbonic  acid  is  that 
nrhich  stimulates.  When  saturated  with  oxygen,  the  blood 
paralyses  respiration;  when  some  of  tlie  oxygen  is  with- 
drawn, respiration  revives.  Here — as  in  all  other  cases — we 
liave  to  rememl>or  that  differences  in  degree  readily  pass  into 
liflferences  in  kind,  so  that  an  excess  of  a  stimulus  produces 
%  reversal  of  the  effect ;  thus  although  surplus  of  carbonic. 
acid  excites  respiratory  movements,  excess  of  carbonic  acid 
[auses  Asphyxia.  Abundance  of  blood  13  requisite  for  the 
continuous  activity  of  nerve-centres ;  but  while  a  temporary 
deficiency  of  blood  renders  them  more  excitable,  too  great 
a  deficiency  paralyses  them.  AncTmia,  which  causes  great 
excitability,  and  convulsions  (so  that  ner\'es  when  dying  are 
BUMt  irritable),  may  easily  become  the  cause  of  the  death  of 
the  tiasue.  There  are  substances  which  can  only  be  dissolved 
by  a  given  quantity  of  liquid ;  if  this  quantity  be  in  excess, 
they  are  precipitated  from  the  solution.  There  are  vibrations 
of  a  given  onler  which  cause  each  string  to  respond ;  change 
the  8}iecial  order,  an<l  the  string  returns  to  its  repose. 

In  the  stillness  and  darkness  of  the  night  we  are  exclude<I 
from  most  of  the  external  stimuli,  yet  a  massive  stream  of 
systemic  sensations  keeps  the  sensitive  mechanism  active, 
ud  in  asleep  directs  tlic  dreams.  The  cramps  ami  epilepti- 
form attacks  which  occur  during  sleep  are  most  probably 
due  to  the  over-excitability  produced  by  surplus  carbonu' 
acid.  To  temporary  anaemia  may  be  assigned  the  strange 
exaggeration  of  our  sensations  during  the  moments  which 
precede  awakening;  and  the  greater  vividness  of  dream- 
iiuages. 
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It  is  only  needful  to  mention  in  passing  the  varied  stimuli 
by  which  cerebral  changes  act  upon  the  organism.  The  men- 
tiontof  a  name  will  cause  a  blush,  a  brightening  of  the  eye, 
a  quickening  of  the  pulse.  The  thought  of  her  absent  infimt 
will  cause  a  flow  of  milk  in  the  mother's  breast 

175.  We  may  formulate  the  foregoing  considerations  in 
another  law : 

Law  II.  The  neural  excitation,  which  is  itself  a  change^ 
directly  causes  a  change  in  the  organ  innervated,  and 
indirectly  in  the  whole  organism. 

The  significance  of  this  law  is,  that  although  for  the  con- 
venience of  research  and  exposition  we  isolate  one  organ 
from  the  rest  of  the  organism,  and  one  process  from  all  the 
co-operant  processes,  we  have  to  remember  that  this  is  an 
aitifice,  and  that  in  reality  there  is  no  such  separation. 

STIMULATION. 

176.  Passing  now  from  these  general  considerations  tio 
their  special  application,  we  may  formulate  the  law  of 
stimulation : 

Law  III.  A  faint  or  moderate  stimulation  increases  the 

activity  of  the  organ;   but  beyond  a  certain  limits 

increase  of  stimulation  diminishes,  and  finally  arrests, 

the  activity.     Duration  of  stimulation  is  equivalent  to 

increase. 

A   muscle  stimulated  contracts ;   if  the   stimulation  be 

repeated,  the  muscle  becomes  tetanised,  and  in  this  state  has 

reached   its   limit;    a   fresh   stimulation    then    rdaxes  the 

muscle.    A  very  faint  stimulation  of  the  vagus  quickens  the 

pulsation  of  the  heart,  but  a  slight  increase,  or  duration  of 

the  stimulation,  slackens  and  arrests  the  heart*     Every  one 

*  M.  Herzen  thus  describes  the  effects  of  stimulating  the  vagus  with 
varying  intensities  :  **  Si  Ton  se  sert  de  Tappareil  de  Dubois  ReymwA 
on  commence  par  appliquer  une  irritation  tellement  faible  qu*elle  n^ 
produit  aucun  effet ;  on  rapproche  alors  peu  h,  peu  les  deux  bobines  de 
Tappareil  avec  le  plus  grand  soin,  par  fractions  de  centimetres,  ptt 
mxUimHres  s'il  le  faut,  et  Ton  trouve  ainsi  le  degrd  d'irritation  qui 
accelere  les  battements  du  coeur  et  qui  produit  le  maximum  de  pulsar 
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J  "Wa  liow  A  moderate  fenliDg  of  surprise,  pleagtiro,  or  pain 
iRkeiu  the  Iicart  iind  t)iu  respiration ;  and  how  a  shock  of 
irprise,  joy,  griof.  or  great  physical  pain  depresses,  and  even 
n<>  Uicm,  Excess  of  light  is  bliudiog ;  excuss  of  sound 
A-nrng. 

177,  Thft  nervous  synteni  is  incessantly  stimulated,  njid 
iiitblr.  Hence  a  great  variation  in  the  excitjibility  of 
parte.  Wbila  the  regular  and  moderate  activity  of 
Mpart  is  accompanied  by  a  regular  How  of  blood  to  it,  bo 
therB  is  a  Uilrrably  constant  rhythm  of  nutrition  and 
any  irregular  or  excessive  activity  exhausts  it, 
Mil  iberv  lias  been  a  nutritive  restoration.  We  can  thus 
liQW  one  centre  may  be  temporarily  exhausted 
•Ue  A  neighbouring  centre  is  vi-;orou3.  C'ayrade  decapi- 
ihd  a  frog,  and  suspended  light  weights  to  each  of  its  hind 
igi;  when  either  leg  wa.<t  stimubited,  the  veight  attached  tii 
Ivuniaed.  After  each  repetition  the  weight  v,as  raised 
III  leas,  until  finally  the  weight  ceased  to  be  rai-sed :  the 
hod  been  exhausted.  Hut  now  when  the  other  leg. 
hait  been  in  repose,  was  stimulated,  it  raergcticolly 
and  raised  ita  attached  weight ;  showing  that  its 
n»  not  oxiiausted  by  the  action  of  the  other.* 
This  seems  iu  contradiction  with  the  principle  tliat 
ion  of  one  centre  is  an  excitation  of  all.  It  alw 
in  oontnwliction  with  the  principle  urged  by  Herzcn, 
ntttiou  of  one  sciatic  nerve  diminisheg  the  excitability 

^mriiRtU  (to  tctup«  uliuLie  [luur  lexp^rUnce.  (Juaixl  coi  ert 
^~9t  ifiMt  millivtitrt  de  plus  pour  liiirn  ilinjwraltra  l'ai)gnienu- 
■Kltw  millimitrB  peui  iimlairc  tin*  ilituinntion,  «t  tin  (rcwi'ln* 
tUr  le  coiir  nmnplitUiuvnL  Kn  n>culant  slnn,  en  6\tn^naM  pFu 
1m  ilwix  Ujl'iiiM.  n  rilmnu  d  la/ora  qui  proJuU  FangtiunUlioit 
mrmi:'  UtUZtn  :  Sifttritaca  tur  iu  CtHtrt*  ModiraUiirt  d4 
tUJUi*.  1864,  p.  68.  I'lirra  luive  U-cn  M-riou*  doubt*  thrown  ot> 
imtitU;  but  iwVEral  piptrinipntcre  hovp  coufiriiieii  tlipir 
Quit*  r»c«ntty  tli«y  Imve  Ix'rti  eonflnnal  hy  lttiu>aBKi : 
"  Vtit. :  anil  bj-  AmxiiNd  uiJ  T»1?ikb  ;  Ardiieti  d*  Pkyti. 
i«.  p.  41S.  It  miut  Iw  coufmectl,  however,  tW  the  whi>la 
«(tlM  iMOn'i  intirrvulioii  U  at  jirvMiit  vtry  imlxTftr.tl/  udiIr* 

IITILUIK :  Biektr^u$  «Kr  tm  ifvuMminU  la/lna,  1864,  p.  58, 
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of  the  opposite  leg ;  and  this  again  seems  contradicted  by 
the  principle  urged  by  Setschenow,  that  although  moderate 
excitation  of  one  sciatic  nerve  will  diminish  the  excitability 
of  the  other,  a  powerful  excitation  will  increase  it. 

179.  All  three  principles  are,  I  believe,  exact  expressions 
of  experimental  evidence ;  and  their  seeming  contradictions 
may  be  reconciled  on  a  wider  survey  of  the  laws  of  neural 
activity,  interpreted  according  to  the  special  conditions  of 
each  case.  These  laws  may  be  conveniently  classified  as 
Laws  of  Discharge,  and  Laws  of  Arrest ;  the  second  being 
only  a  particular  aspect  of  the  first. 

THE  LAW  OF  DISCHARGE. 

180.  The  physiological  independence  of  organs,  together 
with  their  intimate  dependence  in  the  organism,  and  the  fact 
that  this  organism  is  incessantly  stimulated  from  many  sides 
at  once,  assure  us  a  priori  that  the  "  waves "  of  molecular 
movement  due  to  each  stimulus  must  sometiipes,  interfere 
and  sometimes  blend  with  others,  thus  diverting  oriueu- 
tralising  the  final  discharge  in  the  one  case,  and  in  the  other 
case  swelling  the  ciurent  and  increasing  the  energy  of  the 
discharge.  We  are  accustomed  to  speak  of  one  part ''play- 
ing on  another,"  sympathising  with  another,  and  so  on ;  bat 
what  is  the  process  expressed  in  these  metaphors  ?  Wh«i 
an  idea,  or  a  painful  sensation,  quickens  the  pulse,  or  in- 
creases the  flow  of  a  secretion,  we  are  not  to  imagine  that 
from  a  spot  in  the  cerebrum,  or  the  surface,  there  is  a  nerve- 
fibre  going  directly  to  the  heart,  or  the  gland,  transmitting 
an  impulse ;  in  each  case  the  central  tissue  has  been  agitated 
by  a  sudden  change  at  the  stimulated  point,  and  the  dfi- 
charge  on  heart  and  gland  is  the  resultant  of  this  agitation 
along  the  lines  of  least  resistance.  The  nerves  of  the  great 
toe,  for  example,  pass  into  the  spinal  cord  at  a  considerable 
distance  from  the  spot  where  the  nerves  of  the  arm  enter  it; 
when,  therefore,  the  great  toe  is  pinched,  the  arm  does  not 
move  by  direct  stimulation  of  its  nerves,  but  by  the  indirect 
stimulation  which  has  traversed  the  whole  central  substance. 
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181.  This  is  intelligible  when  we  know  that  the  whole 
Central  substance  is  continuous  throughout ;  but  the  difficulty 
arises  when  we  have  to  explain  why,  if  this  central  substance 
is  stimulated  throughout,  only  arms  and  legs  respond ;  in  other 
words,  why  the  toe-centre  "  plays  upon  "  the  arm-centre,  and 
not  on  the  others  ?  When  a  frog  is  decapitated,  if  we  gently 
touch  one  leg  with  the  point  of  the  scalpel,  the  leg  will  move, 
but  only  this  leg.  Trick  more  forcibly,  and  both  legs  will 
move.  Keep  on  pricking,  and  all  four  legs  are  drawn  up,  and 
the  frog  hops  away.  Each  excitation  was  propagated  along 
the  conl ;  but  the  discharge  was  restricted  in  the  first  case  to 
one  limb,  in  the  second  to  two,  in  the  third  it  involved  all 
the  muscles  of  the  trunk.  At  tlie  sight  of  a  friend  a  dog 
wags  his  tail  gently :  as  there  is  no  direct  connection  between 
the  ox>tic  ner\'e8  and  the  tail,  this  playing  of  one  centre  on 
another  must  be  by  the  agency  of  intermediate  centres ;  and 
we  know  that  if  the  dog's  spinal  cord  be  divided,  this  excita- 
tion from  the  optic  centre  is  no  longer  possible,  yet  the  tail 
will  wag  if  the  abdomen  be  tickled,  or  the  leg  pinched.  Now 
compare  the  effect  on  the  dog  produced  by  the  sight  of  his 
master,  or  of  a  friend  accustomed  to  take  him  out.  There  is 
no  longer  a  gentle  wagging  of  the  tail,  but  an  agitation  of  the 
wliole  body :  he  barks,  leaps,  and  runs  about ;  the  central 
stimulation  is  dischai-ged  through  m<iny  outlets ;  and  could 
we  test  the  effect,  we  should  find  an  appreciable  alteration  in 
the  thennal  and  electrical  condition  of  the  whole  organism, 
with  correspontling  changes  in  circulation,  secretion,  &c.  So 
different  are  the  consecjuences  of  two  sliglitly  difTerent  retinal 
impressions  mingling  their  stimulations  with  the  same  mass 
of  central  substance ! 

182.  The  discharge  is  <letcnnined  by  two  conditions :  the 
state  of  tension,  and  the  energy  of  the  stimulation.  The  state 
of  tension  is  inrreascd  hi/  every  stimulation  vrhich  falls  short  of 
a  discharge ;  that  is  to  say,  faint  and  frequent  stimulation 
augments  the  excitability,  whereius  jx)werful  stimulation 
exhausts  it.  AVhen,  therefore,  one  wave  succcihIs  another  in 
the  same  direction,  it  reaches  a  centre  mon»  disposetl  to  dis- 
charge ;  or,  as  (  ayrade  expresses  it, "  a  certain  agitation  of  the 


292  THE  PHYSICAL  BASIS  OF  MIND. 

cells  is  necessary  for  the  manifestation  of  their  property  of 
reaction,  in  the  same  way  that  the  concentric  circles  pixh 
duced  on  the  surface  of  water  by  a  faUing  stone  are  note 
rapid  and  more  numerous  if  a  stone  has  already  agitated  the 
surface." 

183.  So  much  for  the  tension.  What  has  been  called  the 
energy  of  the  stimulation  is  more  complicated.  It  is  not 
measurable  as  a  simple  physical  process ;  we  cannot  say  that 
a  given  quantity  of  any  external  force  will  determine  a  given 
discharge.  It  is  mostly  complicated  by  psychical  processes, 
and  these  so  modify  the  result  that  instead  of  the  predicted 
discharge  there  is  arrest,  or  discharge  from  another  centra 
Press  a  dog's  skin  with  increasing  violence,  and  the  effect 
increases  from  pleasurable  to  painful  irritation ;  but  whether 
the  dog  will  cry  out  and  bite,  or  cry  out  and  struggle  to 
escape,  depends  upon  whether  the  pincher  is  a  stranger  or  a 
friend.  If  you  hurt  a  dog  while  removing  a  thorn  from  its 
foot  it  Will  cry  out,  but  although  the  pain  causes  it  to  initiate 
a  biting  movement,  by  the  time  your  hand  is  reached  that 
movement  will  have  been  changed,  and  the  dog  will  Uck  the 
hand  '^hich  he  knows  is  hurting  him  in  the  endeavour  to 
relieve  him  of  the  thorn.  The  co-operation  of  the  mind  is 
here  evident  enough.  A  purely  psychical  process  has  inter- 
fered with  the  purely  physiological  process,  iijid  I  shall 
hereafter  endeavour  to  show  that  psychical  processes  analo- 
gous in  kind  though  simpler  in  degree  are  really  co-operant 
in  actions  of  the  spinal  cord.  The  dog  would  be  said  to  dis- 
criminate between  the  pain  inflicted  by  a  friend,  and  the 
same  pain  inflicted  by  a  stranger.  In  other  words,  the  sensi- 
tive mechanism  would  be  differently  determined  in  the  direc- 
tion of  discharge,  although  the  initial  stimulation  was  the 
same  in  each  case.  If  we  admit  that  the  resulting  action  is 
in  each  case  the  consequence  of  the  particular  group  of  ele- 
ments co-operating,  there  will  be  no  ground  for  denying 
that  analogous  discrimination  is  manifested  by  the  brainless 
animal,  who  also  responds  differently  to  different  external 
stimuli,  and  differently  to  the  same  stimulus  under  different 
central  conditions.     The  brainless  frog  croaks  if  its  back  he 
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Cently  stroked  with  the  handle  of  a  scalpel ;  but  if  the  point 
l»e  useil,  or  if  the  handle  be  roughly  pressed,  instead  of  croak- 
ing, the  frog  raises  his  leg  in  defence.  Here  the  difference 
in  the  peripheral  irritation  has  excited  a  different  reaction  in 
the  centre ;  and  this  might  be  inter{>reted  as  purely  physical ; 
if  now  the  leg  be  fastened,  and  the  movement  of  defence  be 
thus  prevented,  the  frog  will  employ  the  other  leg ;  or  adopt 
some  other  means  of  relieving  itself  from  the  irritation.  It 
was  a  iaa.ss  of  registered  experiences  which  determined  the 
do^  not  to  bite  his  master.  An  analogous  registration  of 
experiences  determines  the  changed  reactions  of  the  brainless 
Frog.  But  this  is  a  point  which  can  only  be  touched  on  in 
parsing  here,  and  it  is  touched  on  merely  to  facilitate  our 
exi>osition  of  the  complicated  conditions  of  neural  discharge. 
These  may  be  formulated  in 

184.   IJivr  IV.    The  simultaneous   influence   of   several 
stimuli,  each  of  which  separately  excites  the  same 
centre,  is  cumulative :  stinmli  tlien  assist  each  other, 
and  their  resultant  is  their  arithmetical  sum. 
Simultaneous  stimuli,  each  of  which  excites  a  different 
centre,  interfere  with  each  others  energy,  and  their 
resultant  is  their  algebraical  sum. 
In  this  law  there  is  a  condensed  expression  of  that  com- 
{Kisition  of  forces  which  may  either  result  in  Discharge  or 
Arrest     By  simultaneity  is  not  to  be  understood  merely  the 
coincidence  of  impressions,  but  also  the  reverberations   of 
impressions  not  yet  neutralised  by  others.     Thus  when  Sen- 
sibility is  tested  by  the  now  common  method,*  it  is  found 
that  if  one  leg  is  withdrawn  after  a  lapse  of,  say,  ten  pendu- 
lum l>eats,  the  other  leg,  which  has  not  been  irritated,  will 
nevertheless,  on  irritation,  be  withdrawn  in  less  than  ten 
beats,  provided   the   ci»ntral   agitation   caused  by  the   first 
stimulation  has  not  yet  snlmded.     But,  on  tlie  contrary,  the 
withdrawal  will  be  considerably  deferred,  or  even  prevente<l 
altogether,  if  at  the  same  time  that  the  leg  is  acted  on  by  the 

•  A  frog's  brain  is  removed,  aiul  the  IhkIv  then  ?u»pende<l  by  the 
low«r  jaw,  the  legs  are  allowed  to  dip  into  a  pli;;ht1y  acidulated  liquid, 
the  chemical  action  of  which  stimulutes  the  skin. 
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acid,  a  more  powerful  excitation  takes  place  in  some  other 
part  of  the  body.  In  the  one  experiment  we  see  simultane- 
ous excitation  in  the  same  centre  and  the  same  direction. 
In  the  other  simultaneous  excitation  in  different  centres. 
The  more  powerful  excitation  suppresses  the  discharge  from 
the  less  powerful ;  but  although  it  prevails,  it  loses  just  as 
much  force  as  it  arrests.* 

185.  There  is  another  very  interesting  experiment  by 
Freusberg,  which  must  be  cited  hercf  When  the  sciatic 
ne^^^e  is  divided,  the  frog's  leg  is  of  course  not  withdrawn 
from  the  acidulated  water,  because  in  that  case  no  sensory 
excitation  is  propagated  from  the  skin  to  the  centre ;  but 
although  there  is  no  stimulation  from  the  skin,  there  is  one 
from  the  muscles,  as  appears  in  the  fact  that  if  a  small 
weight  be  suspended  on  this  leg,  the  other  leg  is  more 
rapidly  withdrawn  from  the  acidulated  water — the  action 
of  the  muscles  having  affected  the  centre  and  increased  its 
excitability. 

186.  When  the  motor  group  of  one  leg  is  moderately 
stimulated,  the  discharge  is  confined  to  the  muscles  of  that 
one  leg ;  and  according  to  Herzen  the  excitability  of  the 
motor  group  of  the  other  leg  is  thereby  somewhat  diminished 
But  if  the  stimulation  be  increased,  there  is  an  irradiation  to 
the  other  group,  which  irradiation,  although  not  sufficient  to 
excite  a  discharge,  renders  it  much  more  ready  to  discharge, 
so  that  a  feeble  stimulus  suffices.     This  accords  with  Setsche- 

• 

now's  observations,  and  is  confirmed  by  Freusberg's  expcn- 
ment,  in  which,  when  one  leg  was  stimulated  by  acid,  if  the 
acid  were  not  wiped  off  but  allowed  to  keep  up  the  irritation, 
the  other  leg  moved  without  being  irritated ;  and  this  other 

*  I  Raw  a  patient  in  the  Berlin  CharitS  whose  face  and  left  htna 
were  in  a  constant  state  of  convulsive  twitching,  but  no  sooner  w»* » 
scar  on  the  left  hand  (where  the  nerve  had  been  divided)  firmly  pre*^ 
tlian  the  twitchings  ceased,  and  pain  was  felt ;  on  removal  of  the  pre** 
sure,  pain  ceased  and  the  twitchings  returned. 

f  PfUiger's  Archiv,  1875.  No  one  interested  in  the  Reflex  Theory 
should  omit  a  careful  study  of  the  papers  by  Fueusderg  and  GoiT*" 
I  have  drawn  freely  from  them. 
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le^  having  come  to  rest,  when  in  its  turn  dipped  in  the  acid, 
Was  more  rapidly  withdrawn  than  the  iirst  leg  had  been  on 
Bnt  being  stimulated ;  showing  that  the  central  groups  had 
become  more  excitable  by  the  stimulation  of  either  leg. 

187.  While  it  is  intelligible  that  an  excitation  of  one 
group  should  increase  the  activity  of  neighbouring  groups,  by 
an  increase  of  the  vascular  activity  of  the  region,  it  is  not  so 
readily  intelligible  why  the  feebler  excitation  of  one  group 
should  diminish  the  excitability  of  its  neighbour;  yet  the 
facts  seem  to  warrant  both  statements. 

188.  The  conditions  which  determine  Discharge  are  ol>- 
scure.  We  may,  however,  say  that  anatomical  and  physio- 
logical data  force  the  conclusion  that  whenever  the  central 
tissue  is  ]>owerfully  stiniulati'd  in  any  one  part,  there  is 
either  a  discharge,  or  a  greater  tension  (tendency  to  discharge) 
in  every  other  part ;  in  conse(iuence  of  which,  every  fresh 
stimulus  in  tlie  same  direction  finds  the  parts  more  prepared 
to  react ;  while  every  fn?sh  stimulus  in  a  contrari/  direction 
meets  with  a  proportional  resistance.  Stated  thus  generally, 
the  principle  is  clear  enougli ;  but  the  immense  complication 
of  stimulations,  and  the  statical  variableness  of  the  organs, 
renders  its  application  to  particular  cases  extremely  obscure. 
Why  does  the  ticking  of  a  clock  arrest  the  attention,  even 
with  unpleasant  obtrusiveness,  at  one  time,  and  ])resently 
afterwards  cease  to  be  heard  at  all  ?  Why  does  the  cut  of  a 
knife  cause  intense  pain,  and  a  far  greater  cut  received  dur- 
ing the  heat  and  agitation  of  a  quarrel  pass  unfelt  ?  Why  will 
the  same  external  force  excite  convulsions  in  all  the  muscles, 
and  at  another  time  scarcely  be  distinguishable  ?  These  are 
consequences  of  the  tem])orary  condition  of  the  centres ;  but 
there  are  permanent  conditions  which  in  some  organisms 
determine  equally  variable  results.  Thus  the  shock  of  terror 
which  will  simply  agitate  one  ]>erson,  will  develop  an 
epileptic  attack  in  another,  and  insanity  in  a  third ;  just  as 
exposure  to  cold  will  in  one  {)erson  congest  the  liver,  in 
another  the  lungs.  A  loud  and  sudden  sound  causes  M'ink- 
ing  in  most  persons,  and  in  many  a  sort  of  convulsive  shock. 
The  harsh  noise  of  a  iile  causes  a  shiver  in  some  persons,  and 
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in  others  "  sets  the  teeth  on  edge,"  while  in  otheis  it  causes 
an  increased  flow  of  saliva. 

189.  Nerves  and  centres  have  different  degrees  pf  excita- 
bility.   The  nerve-terminals  in  the  skin  are  more  senaitiTe 
to  impressions  than  those  in  the  mncons  membrane ;  those  in 
the  alimentary  canal  are  more  sensitive  than  those  in  tlie 
peritoneum ;  and  all  nerve-terminals  are  more  sensitive  tlian 
nerve-tnmks.    A  touch  on  the  surface  of  the  larynx  will 
produce  a  cough,  but  the  nerve-trunk  itself  may  be  pinched 
or  galvanised  without  producing  any  such  reflex.    More- 
over, there  is  the  difference  of  grouping.     If  the  skin  of 
the  abdomen  be  tickled,  there  is  a  reflex  on  the  adductor 
and  extensor  muscles  of  the  leg ;  but  these  movements  are 
reversed  if  the  skin  of  the  back  be  tickled.    Nor  indeed  are 
these  movements  invariable  in  either  case;  the  one  series 
will  sometimes  quite  suddenly  change  to  the  other,  if  the 
irritation  is  kept  up.     That  one   and  the  same  stimolns 
applied  to  the  same  spot  should  now  excite  this  group  and 
now  the  other,  shows  that  both  motor  groups  are  affected, 
and  that  the  discharge  takes  place  from  the  one  which  at  the 
time  being  is  in  the  highest  tension.    The  alternation  of  ten' 
sion  explains  rhythmical  discharge. 

THE  LAW   OF  ARREST. 

190.  The  Law  of  Arrest  is  only  another  aspect  of  the  Law 
of  Discharge,  and  may  be  regarded  as  the  conflict  of  excita- 
tions. If  a  stranger  enters  the  room  where  a  woman  lies  in 
labour,  there  will  often  be  caused  a  sudden  cessation  of  the 
uterine  contractions.*  Again,  every  one  knows  how  the 
breathing  and  the  beating  of  the  heart  are  arrested  by  the 
idea  of  danger.  The  arrest  is  in  each  of  the  three  cases  only 
temporary,  because  when  the  shock  of  the  new  stimulus  has 
caused  its  discharge  (arrest),  the  peripheral  irritation  which 

*  Sir  Jaues  Paget  has  an  interesting  collection  of  facts  which  illoB- 
trate  this  Law  of  Arrest,  in  his  paper  on  "Stammering  with  other 
Organs  than  those  of  Speech,"  British  Medical  Journal^  1868,  voL  ii 
p.  437,  reprinted  in  his  Clinical  Lectures  and  E$$ay9,  1875,  ?•  77* 


TBt  KERVOUS  HEClIAtllSU. 


297 


lid  the   former    disclmi^^s  resumes   its   inlhieiice,   and 

11,  luHirt,  nud  diaphragm  be^in  to  inove  agaiu,  oven  more 

Llically.     Note,  moreover,  that  not  only  will  the  cere- 

nxcJtatioQ  arrest  Uie  spuiHl  discharge — an  idea  check  the 

Bctiona   of  th«  uterus   or   the  he^irt — but  Uie   reverse 

ikcs  place     The  hrain  of  the  wonmn  may  be  intently 

1  with  some  scheme  for  the  education  or  welfare  of 

ixpected  child,  but  no  sooner  do  the  labour  pains  set  in, 

jtU  these  cerebral  combinations  are  arrested. 

.  One  sensation  aiTests  another ;    one  idea  displaces 

v.     U  the  foreli^  of  a  headless  frog  be  irritated,  the 

g  will  also  Iw  moved  by  the  stimulation ;  or  vice  vrrta. 

Ijlhcre  has  Iteuii  a  propagation  of  the  excitation  in  either 

But  if  while  the  It-^  ore  tlius  irritated,  and  the 

I  are  ready  to  discharge,  another  and  more  powerful 

1  teach  the  centre — say  by  pinchinj;  the  skin  of  the 

iheru  will  be  no  discharge  on  the  Ic^     If  the  vagus 

id,  the  heart  is  arrested ;  Init  this  does  not  take 

le  time,  or  immediately  before,  the  foot  has 

^pinched.     A  few  gentle  taps  on  the  abdomen 

p  the  heart ;  but  if  a  drop  of  acid  be  jireviously 

.  I  fln  Um  skin,  we  tap  in  vain,  the  heart  continues  to 

f  Brawn  S^nanl  cites  several  cases  in  which  convul- 

kveramfTMtcd  by  irritation  of  sensitive  surfaces;*  nud 

icbton  Browne  records  a  case  of  a  patient  in  whom 

9  abolition  of  spinal  reflex,  due  to  cerebral  Irritation  : 

[  the  Boles  of  the  feet,  or  pricking  the  toes,  which 

1U7  exdisa  raflex  movements,  in  this  case  excited  none 

"  lliiB  seems  to  prove  that  ner^'e  currents,  set  in 

I  by  imtatiun  of  the  brain,  ur  some  of  its  convolutions, 

down  tlie    conl,  may  inhibit  reflex  action."! 

I  might  indefinitely  be  mtdtiplied.     Hnch  the  akin 

ibUt  between  the  eyea,  and  you  will  oliserve  that  pulse 

iMptntton  are  slackened  ;  but  if  tliu  tail,  which  13  very 

ttn,  \m  pinched,  this  sUckeniug  is  only  momentary,  and 

idad  by  a  quickening — uuless  the  pain  lie  great.    Kveu 

■  rf*/*jnoL,  1868,  i^  157. 

ITmC  Hiding  J,m$nUtc  Jtj/iiim  keyorit,  ili74,  p.  100. 
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the  effect  of  intense  pain  may  be  neutralised  by  stimulating 
the  vagus — just  as  the  effect  of  stimulating  the  vagus  maybe 
neutralised  by  pain.  Claude  Bernard  found  that  having 
dropped  ammonia  on  the  eyelid  of  a  dog,  the  pain  caused  a 
convulsive  closure  of  the  lid ;  but  on  galvanising  the  vagus, 
the  lid  opened  again,  to  be  closed  when  the  galvanism  ceasei* 
When  the  heart  is  beating  faintly  (as  in  syncope),  any  irri- 
tating vapour  applied  to  the  nostrils  will  cause  a  more  ener- 
getic pulsation ;  yet  a  very  irritating  vapour  lowers  the  action 
of  the  heart  beating  normally,  and  will  even  arrest  that  of 
a  rabbit.  Over-stimulation  has  almost  always  the  opposite 
effect  of  moderate  stimulation. 

192.  While  there  seems  every  reason  to  believe  that  an 
excitation  necessarily  affects  the  whole  cerebro-spinal  m 
there  is  no  doubt  that  there  is  a  certain  restriction  of  this 
irradiation  to  definite  paths,  i,e.,  the  responsive  discharge  is 
confined  to  definite  groups.  Some  of  these  restrictions  are 
connate  pathways :  we  bring  them  with  us  at  birth; 
but  most  of  them  are  pathways  acquired  after  birth. 
The  boy  who  sheds  tears  at  parting  from  his  mother  when 
he  goes  to  school,  will  shed  no  tears  when  he  parts  from 
her  to  go  to  college,  nay,  perhaps  will  shed  none  when  he 
parts  from  her  for  ever :  not  that  his  love  has  lessened,  but 
tliat  the  idea  of  such  expression  of  it  as  "unmanly"  has 
become  an  organised  tendency  and  arrests  the  tears.  A 
youth  of  southern  race,  who  has  not  learned  to  be  ashamed 
of  tears,  weeps  freely  under  such  circumstances. 

193.  The  pathways  organised  at  birth  are  not  many. 
Examples  are  the  inspiration  which  follows  expiration ;  the 
movements  of  coughing  when  the  larynx  is  tickled ;  the  move- 
ments of  swallowing,  sneezing,  &c.  Even  these  may  he 
arrested  for  a  brief  time  by  what  is  called  "the  will;"  but 
when  once  the  discharge  begins  in  any  part  of  the  mechanism, 
the  whole  group  is  necessarily  involved  and  the  action  w 
then  inevitable.  Many  of  the  reflex  actions  which  are  uni- 
versal are  nevertheless  acquired.  Winking,  for  instance, 
when  an  object  approaches  the  eye,  is  universal  among  us, 

*  Claude  Bernard  :  Systhne  Nerveux,  i  383. 
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but  is  never  seen  in  infants,  nor  in  animals.  It  is  even 
doubtful  whether  the  drawing  up  of  the  leg  when  the  toes 
are  pinched  is  not  an  acquired  reflex.  Doubtful,  I  mean,  in 
this  sense,  that  although  the  fact  of  non-withdrawal  is  ob- 
8cr\'able  in  infants,  who  cannot  localise  their  sensations,  this 
may  be  due  to  the  imperfect  development  of  their  nervous 
system.  Mr.  Spalding  has  proved  that  although  the  callow 
bird  cannot  fly,  the  mechanism  of  flight  is  no  sooner  devel- 
oped than  the  action  follows  at  once,  without  any  previous 
tentative  experiences. 

194.  Ky  experience  we  learn  to  restrict  the  j>aths  of  irra- 
diation, so  as  to  wink  with  one  eye  while  the  other  is 
unmoved,  to  bend  one  finger  while  the  rest  are  extended,  to 
move  one  limb,  or  one  group  of  muscles,  wliile  the  others  arc 
at  rest ;  in  short,  to  execute  any  one  ])articidar  action,  and 
not  at  the  same  time  agitate  superfluously  many  other  organs. 
Tlie  boy  when  first  learning  to  write  is  unable  to  prevent  the 
simultaneous  motions  of  tongue  and  legs,  which  are  ludi- 
crously irrelevant  to  the  purjwse  of  writing ;  but  he  learns 
to  keep  all  his  organs  in  subjection,  and  only  the  eyes  and 
hands  active.*  An  analogous  restriction  takes  place  in 
thinking.  A  train  of  thought  is  kept  up  by  the  exclusion  of 
all  suggestions  which  are  not  pertinent ;  and  the  power  of  the 
thinker  is  precisely  this  power  of  concentration. 

THE   HV1»0THESI.S   OF   INHIBITOItY   CENTRES. 

195.  The  facts  and  their  formulated  hiws  wliich  have  just 
licen  adduced  furnish  a  suthcient  explanation  of  all  the 
phenomena  of  arrest  wliich  of  late  years  liave  been  detacheil 
and  assigned  to  a  s{>ecial  mechanism  of  inliibitory  nerves  and 
centres.  In  spite  of  tlie  eminent  authorities  countenancing 
the  hyiKithesis  of  a  particular  set  of  inliibitory  nerves,  and 
partioular  centres  of  hihibition,  I  must  confess  tliat  the  hypo- 
tliesis  a])i)ears  to  me  inadmissible ;  and  tliat  I  side  with  those 

•  See  ibe  excellent  reniarks  of  Dr.  Latdkr  Rrustos  on  thi«  point 
in  \l'n^  i^per  00  Inhibition  in  the  West  Riding  Lunatic  Atylum  Report*^ 
1874,  p.  i8a 
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physiologists  who  hold  that  each  nerve  and  each  centre  has 
its  inhibitory  action.  Indeed,  if  the  action  of  arrest  be,  as  I 
maintcdn,  only  another  aspect  of  the  action  of  discharge,  tbc 
result  of  the  conflict  of  forces,  to  say  that  all  centres  have  the 
property  of  excitation,  is  to  say  that  all  have  the  properties 
of  discharge  and  arrest :  the  discharge  is  only  the  resultant  of 
the  conflict  along  the  line  of  least  resistance ;  the  arrest  is 
the  effect  of  the  conflict  along  the  line  of  greatest  resist- 
ance. The  observed  phenomena  of  arrest  are  so  varied  and 
numerous  that  the  upholders  of  the  inhibitory  hypothesis 
have  been  forced  to  invent  not  only  arresting  centres,  but 
centres  which  arrest  these  arresting  centres !  Dr.  Lauder 
Brunton  candidly  remarks :  '*  At  present  our  notions  of  nerv- 
ous action  seem  to  be  getting  as  involved  as  the  Ptolemaic 
system  of  astronomy,  and  just  as  epicycles  became  heaped 
upon  cycles,  so  nerve-centres  are  being  added  to  nerve- 
centres.  And  yet,  clumsy  though*  the  system  may  be,  it 
serves  at  present  a  useful  purpose,  and  may  give  real  aid 
until  a  better  is  discovered."  I  do  not  think  a  Copernicus  is 
needed  to  discover  a  better.  The  Law  of  Arrest  as  a  general 
neural  law  suffices,  when  the  right  conception  of  a  eerUre  as 
a  physiological  rather  than  an  anatomical  designation  is 
admitted.     (Seep.  153.) 

196.  It  would  be  out  of  place  here  to  consider  the  con- 
flicting evidence  which  at  present  renders  the  question  of  the 
movements  of  the  heart  one  of  the  most  unsatisfactory  in  the 
whole  range   of  experimental  physiology.     After  devoting 
much  time  to  it,  and  after  writing  a  long  chapter  on  it,  I 
suppress  what  I  had  written,  and  content  myself  with  the 
statement  that  no  advantage  whatever  is  derived  from  the 
hypothesis  of  a  special  mechanism  of  arrest,  unless  perhaps 
in  giving  a  temporary  precision  to  the  direction  of  research. 
I  mean  that  the  search  for  special  centres  may  lead  to  the 
discovery  of  the  particular  paths  to  which  an  impulse  is 
restricted  in  any  one  action :  as,  for  instance,  the  vagus  in 
retarding  the  pulsation  of  the  heart     If  the  cerebrum  can 
determine  a  movement,  and  combine  various  movements,  it 
is  a  centre  of  arrest ;  if  the  cerebellum  can  determine  and 
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e  movemenU,  it  is  a  centre  of  arrest ;  if  the  medulU 
I  can  determiue  and  regulate  movemeiits,  it  is  a 
r  arrest ;  if  the  medulla  spinalis  can  determine  anil 
Ene  movements,  it  is  a  centre  of  arrest ;  if  a  nerve  can 
•  «  constricted  blood-vessel,  or  constrict  a  dilated  one,  it 
Laerve  uf  anesL     In  other  words,  every  centre  exerts  its 
B  either  in  dischai^ng,  or  in  arrcstiog  the  discharge  of 

r  centre, 

1  phj-siulogical  process  of  Arrest  may  be  jihysicolly 

iltritrttud  aa  Interference;*  nut  tliat  the  process  in  nerve- 

aiitt  is  til  be  uuderstood  as  the  same  as  that  observed  in 

aids,  or  that  the  metaphor  of  neural  waves  is  to  be  tukeu 

■riiK»e  than  au  intelligible  picturing  of  the  pn>cess;  thi< 

ifitmtoe  in  the  two  agents  forbids  our  admitting  the  reseni- 

looe  to  be  more  thiui  nnulugjuiil.     Tlius  interpreted,  huw- 

*er,  we  see  that  not  only  wilt  one  centre  arrest  tlie  action  of 

■other,  but  one  nerve  may  be  made  to  arrest  itself!     I  mean 

iiiU,  under  similar  conditions  of  interference,  the  stimulation 

ii'tioormally  follows  on  external  stimulus  may  be  inhi- 

1  by  a  pT«viuiis,  or  a  counter  stimulation.      Tims  lln- 

•n>;  which  will  be  stiiuiiluti;<l  by  a  chemical  or  mechanical 

UtQtUiu,  wholly  fails  to  react  if  a  constant  current  is  passing 

I'TOii^  it,  ftlthuugh  tliis  constant  current  does  not  itself 

)  »  cotutout  contraction,     liemove  the  electrodes,  and 

the  chemical  or  mechanical  stimulus  takes  effect.     Or 

^teriment  may  be  reversed :  let  the  nerve  be  placed  in 

1  solatiuit,  and  the  muscles  will  be  at  once  thrown 

Violeut  cuntrttctiuu  ;  if  the  electrodes  are  now  applied  to 

rre,  tlie  contractions  suddenly  cease,  to  begin  again 

ij  the  electrodes  are  nuuoved. 

AKATOMICAL  INTEEPEKTATI'lS  OF  TIIK  LAWS. 

'■  The  problem  (ur  the  anatomist  19   twofold:    Fimt, 

fka  iaUnUitifi  ({ncition  of  inUrfcr«nc«  bu  bmn  •ipfrimnnlally 
1   bf  WcMDT  ill   lii«   re«>liUy-paliluhe<l   MrcKantk  dtr  fi'trwn; 
I  tkconticallj  w  wnve-novemeut  hj  MuiKM  :    GnmJrtifft 
■  Ftfduiloyu,  1 876. 
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given  the  organ,  he  has  to  determine  its  function,  or  ricewrso, 
given  the  part  of  an  organ,  to  determine  its  functional  relation; 
secondly,  given  the  function,  he  has  to  determine  its  organ. 
The  structural  and  functional  relations  of  nerves  and  centres 
have  been  ascertained  in  a  general  way ;  we  are  quite  sure 
that  the  posterior  nerves  carry  excitations  from  sensitive 
surfaces,  that  the  anterior  nerves  carry  excitations  to  muscles 
and  glands ;  and  that  the  central  grey  substance  not  only 
reflects  a  sensory  excitation  as  a  motor  excitation,  but  propa- 
gates an  excitation  along  the  whole  cerebro-spinal  axis.   But 
when  we  come  to  a  more  minute  analysis  of  the  functional 
activities,  and  endeavour  to  assign  their  respective  values  to 
each  part  of  the  organic  mechanism,  the  excessive  complexity 
and  delicacy  of  the  mechanism  baffles  research.     We  are 
forced  to  grope  our  way;  and  the  light  of  the  hypothetic 
lamps  which  we  hold  aloft  as  often  misdirects  as  helps  us. 
The  imaginary  anatomy  which  at  present  gains  acceptance, 
no  doubt  seems  to  simplify  explanations ;  but  this  seeming 
turns  out  to  be  illusory  when  closely  examined.    The  imagined 
arrangement  of  fibres  and  cells  we  have  seen  to  be  not  in  agree- 
ment with  observation ;  and  were  it  demonstrable,  it  would 
not  account  for  the  laws  of  propagation.     Suppose  sensory 
fibres  to  terminate  in  cells,  and  fibres  from  these  to  pass 
upivards  to  other  sensory  cells  and  transversely  to  motor  cells, 
how  in  such  a  connected  system  could  irradiations  take  place, 
if  the  law  of  isolated  conduction  were  true  ?    And  how  could 
isolated  conduction  take  place,  if  the  excitation  of  a  part  were 
necessarily  the  excitation  of  the  whole  ?    Why,  for  example, 
is  pain  not  always  irradiated?    Why  is   it  even  localised 
in   particular  spots,  determining  movements   in  particular 
muscles ;  and  when  irradiation  takes  place,  why  is  it  circum- 
scribed, or — and  this   is  very   noteworthy — manifested  in 
two  widely  different  places,  the  intercostal  and  trigeminal 
nerves  ?    Why  does  the  irritation  of  intestinal  worms  mani- 
fest itself  now  by  troubles  of  vision,  now  by  noises  in  the 
ear,  and  now  by  convulsions  ? 

198.  Answers  to  such  questions  must  be  sought  elsewhere. 
Our  first  search  should  be  directed  to  the  anatomical  data, 
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«bicb  have  liilliprto  been  so  imprudently  disregardod.  Under 
tin  f^dance  of  the  laws  formulated  in  this  chapter,  let  ns 
"■•'Till  ihe  aiiftlomiMiI  fnct  of  «  vast  network  forming  the 
.^lund-sabalauce  in  which  cells  ami  fibres  are  eml>edded, 
n.!  with  which  they  are  continuous;  let  ue  accept  the 
j'liy^i')ti';^ical  principle  of  similarity  of  properly  with  simi- 
luriiy  of  oomjiosition  and  structure  ;  let  us  accept  the  hypo- 
^U-^if  ihnt  the  discharge  of  neural  energy  13  dependent  on 
j1i>'  iI.-_ti-.'  of  stimulus  and  the  degree  of  tension  at  the  time 
f-itij  — and  we  shall  have  at  least  a  general  theoiy  of  the 
l.pxias.  though  there  wUI  still  remain  great  obscurities  in 
(KUticulnr  applications.  We  shall  have  before  ua  a  vast 
DrlKork  of  ]>athwny8,  all  equally  l^a[>ah1e  of  conducting  nil 
excitation,  hut  not  all  equally  and  at  all  moments  ojicn.  It 
"Kill  always  be  difhcull  to  determine  what  are  the  conditions 
vhich  at  any  moment  favour  or  obstnict  particular  openings, 
Vtths  that  have  liccn  Ircquently  traverseii  will  of  course  be 
tuon  readily  tKiversed  i^-ain ;  but  this  very  facility  will 
■  '•itdimes  be  an  obstacle,  since  it  will  have  caused  that  path 
_^tebe  pieoccupiud,  or  have  fatigued  the  or^ran  to  which  it  leads. 
■180.  Sinc«  tlie  escape  of  an  excitation  must  always  bo 
B  lilies  of  least  resistance,  an  obvious  explanation  of 
ietion  to  certaiu  paths  has  been  to  assume  that 
I  and  cells  have  naturally  greater  resistance  than 
><Blit  thia  explanatiou  is  simply  a  restatement  of 
t  net  in  other  words.  What  is  this  greater  resistance  ? 
Why  u  it  prest^'iit  in  one  fibre  rather  than  in  another  ?  We 
tlraaU  first  have  lo  settle  whether  the  resistance  was  in  the 
aervoos  pathway  il^elf,  or  in  the  centre,  or  in  the  organ  inner- 
nted ;  on  excitation  might  pass  along  the  ner\ou8  tract,  yet 
UH  In  change  the  state  of  the  centre,  or  the  organ,  sufliciently 
to  prodacfl  an  appreciable  response;  and  only  those  ]>arta 
where  an  appreciablo  resfmnse  was  produced  would  then  he 
moudentl  n»  having  had  the  ]»athways  of  pmpagation  open, 
200.  When  we  n^flt^vt  on  the  innumerable  stimulations  to 
«)iich  Uie  organism  is  subjected  from  bo  many  various  poinu. 
and  remember  further  that  eruh  ttimuialion  learfs  Ithind  it  a 
Irrmor  tchich  rUes  not  immrdititrii/  subside,  we  shall  conceive 
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TIIK  COURSE  OF   MODEHN  TlTOUCnT. 

kMoDEKN  I'hiloaophy  Iins  movtHl  ftlung  two  incron^iiigly 
geot  lioca.  One,  traversed  bv  Galileo,  Descartes,  Sew- 
khud  Laplace,  lutd  for  its  goal  the  absolnle  disengagement 
Ptts  pliysical  from  tliu  mental,  i.e.,  the  olijitclive  from  the 
Etire  aspect  of  phcnumeDa,  so  that  the  physical  uiii- 
'*»,  thus  freed  fnim  all  tiie  coaiploxilius  uf  Feelinn,  might 
^  ialerprcted  id  mecbnnical  terma.  As  a  preliminary  Rim* 
itiScitioD  of  the  problem  this  was  indispensable ;  only  by  it 
loiU  the  First  Xutiun  of  primitive  spt^culation  bo  replac'ed 
V  tke  Theoretic  (.'oiia^pli'ui  of  sdtnilittc  speculation,"  The 
|rtf  Uimker  inevitAbly  invi-sted  all  unlt^^mal  ohj<?ct3  with 
kcpstiss  uid  qualities  similar  to  those  Ite  assigne<l  to  huiiiiui 
Ninp^aDd  their  actions  he  assigned  to  human  motives.  -Sun. 
■■Ma,  and  sUra  aoemod  living  beings ;  Hame^,  streams,  and 
*Bii«  were  tujiposcd  to  bo  moved  by  filings  such  as  those 
tewB  to  move  auiina]«  un<I  men.  Nor  was  uiy  other  con- 
'■ttion  then  poesible :  ineii  <.-oiiliI  nnly  inU^rpret  the  niiknowu 
^  Uw  known,  and  their  standard  of  all  action  was  nec&s- 
M^  dzawD  from  thoir  own  actions.  Not  having  analysLiI 
■■lilioaaBd  Emotiou,  above  all  not  having  loculisetl  the^c 
*  t  anro-mttKobr  system,  men  could  not  Buspect  that  Ihtt 
B  oT  planetA  ami  plaots,  and  of  streams  aod  stones, 
K  Uie  dutinctioD  iKtwecn  first  nutiou*  autl  theoretic  ennccpUan*, 
M  rf  Li/4  ami  Jttnd,  vol.  ii.  p.  jj  t. 
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had  motors   of  a  different  kind  from  the  movements  of 
animals.    The  scientific  conception  of  inert  insensible  Matter 
was  only  attained  through  a  long  education  in  abstraction; 
and  is  assuredly  never  attained  by  animals,  or  by  savages.  But 
no  sooner  were  vital  conditions  recognised,  than  the  difference 
between  vital  and  mechanical  movements  emerged.     When 
men  learned  that  many  of  their  own  actions  were  unaccom- 
panied either  by  Love  or  Hate,  by  Pleasure  or  Pain,  asd  that 
many  were  unprompted  by  conscious  intention,  while  othas 
were  unaccompanied  by  conscious  sensation,  they  easily  con- 
cluded that  wherever  the  special  conditions  of  Feeling  were 
absent,  the  actions  must  have  some  other  motors.    Intel- 
ligence, Emotion,  Volition,  and  Sensation  being  one  by  one 
stripped   away  from  all  but  a   particular  class  of  bodies, 
nothing  remained  for  the  other  bodies  but  insensible  itatter 
and  Motion.    This  was    the   Theoretic  Conception  irhicli 
science  substituted  for  the  First  Notion.     It  was  aided  b]r 
the  observation  of  the  misleading  tendency  of  interpreting 
physical  phenomena  by  the  human  standard,  substituting  our 
fancies  in  the  place  of  facts,  manipulating  the  order  of  the 
universe  according  to  our  imagination  of  what  it  might  be,  or    | 
ought  to  be.    Hence  the  vigilance  of  the  new  school  in  sup- 
pressing everything  pertaining  to  the  subjective  aspect  of 
phenomena,  and  the  insistance  on  a  purely  objective  classifi- 
cation, so  that  by  this  means  we  might  attain  to  a  knowledge 
of  things  as  tliey  are.     By  thus  withdrawing  Life  and  Mind 
from  Nature,  and  regarding  the  universe  solely  in  the  lig)it 
of  Motion  and  the  laws  of  Motion,  two  great  scientific  ends 
were  furthered,  namely,  a  classification  of  conceptions,  and* 
precision  of  terms.     Objective  phenomena  made  a  class  apart, 
and  the  great  aim  of  research  was  to  find  a  mathemadcal 
expression  for  all  varieties  under  this  class.     Masses  were 
conceived  as  aggregates  of  Atoms,  and  these  were  rednced 
to  mathematical  points.    Forces  were  only  diCTerent  modes  of 
Motion.      All  the  numberless  differences  which  perception 
recognised  as  qucdities  in  things,  were  reduced  to  mere  varia- 
tions in  qiuintity.    Thus  all  that  was  particular  and  concrete 
became  resolved  by  analysis  into  what   was   general  and 
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Tb«   Cosmos   then    only  presented  a  prolileni  <if 
». 

tng  this  evolution,  tlio  old  Dualism  (which  con- 
material  tiniverae  sharply  demarcated  from  the 
u\'«no)  kept  its  ground,  and  attained  even  greater 
The  logical  distinction  1>etween  Matter  and  Mind 
l«d  as  an  essential  distinction,  i.e.,  representing  dis- 
There  was  on  th(>  one  side  a  group  of  plxaio- 
Uatter  and  Force ;  on  the  other  side  an  nuiJlied  grouji, 
and  Thought:  between  them  an  iinpfissable  gulf, 
two  were  brought  into  relation,  each  acting  and  re- 
I  the  other,  wiw  diamisaed  as  an  "  insoluble  mystery  " 
relcgati^d  to  Metaphysics  for  such  minds  as  chose  ta 
et  questions  not  amenable  to  experiment.  Physics, 
in  the  possession  of  mathematical  and  experimen- 
)dB  which  yiehle<l  dolinito  answers  to  properly 
ijuestJonR,  peremptorily  refused  to  listen  to  aiiy 
the  kind.  And  the  career  of  I'hyaica  was  so 
it  success  seemed  to  Justify  its  indifference, 
day  this  analytical  school  has  begun  to 
methods  even  to  tlie  mental  group.  Having 
nil  Ibe  objective  group  to  mathcmnltcnl  treatment,  it 
to  bring  the  subjective  gtwup  also  within  it«  range. 
onW  has  there  been  more  than  one  attempt  at  ti 
Bnatkal  I'aychology ;  but  also  attempts  to  reduce 
Ulily,  in  its  aubjccttvti  no  less  than  in  its  objective 
^  to  toulectilur  movement.  Here  also  the  facts  of  Quality 
imoaUtcd  into  facts  of  Qmuitity ;  and  all  diversities  of 
Bg  are  interpreted  a«  simply  (juantiiative  differences. 
Thtu  far  the  one  school.  But  while  this  Theoretio 
Iption  striiipcd  Xaturu  of  consciousness,  motive,  and  pas- 
tendming  it  a  mere  oggntgnte  of  mnthcntatical  relations, 
pfOoeM  waa  going  on,  which,  analysing  the  nature  of 
rapidly  movitig  lowartiH  another  goal.  I^cke, 
Hame,  and  Kant,  directing  their  analysis  exdn- 
to  the  subjective  aspect  of  phenomena,  soon  broke 
the  barriers  between  the  physical  and  mental,  and 
Bwrged  the  former  in  the  latter.    Matter  and  ita 
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qualities,  hitherto  accepted  as  independent  realities,  existing 
where  no  Mind  perceived  them,  were  now  viewed  as  the 
creations  of  Mind — their  existencis  was  limited  to  a  state  of 
the  percipient.  The  old  Dualism  was  replaced  by  Idealiaii 
The  Cosmos,  instead  of  presenting  a  problem  of  Mechanics, 
now  presented  a  problem  of  Psychology.  Beginning  with 
what  are  called  the  secondary  qualities  of  Matter,  the 
jisychological  analysis  resolved  these  into  modes  of  Feeling 
"  The  heat  which  the  vidgar  imagine  to  be  in  the  fire 
and  the  colour  they  imagine  in  the  rose  are  not  there  at 
aU,  but  are  in  us — mere  states  of  our  organism."  Haying 
gained  this  standing-place,  there  was  no  difficulty  in  extend- 
ing the  view  from  the  secondary  to  the  primary  qualitiea 
These  also  were  perceptions,  and  only  existed  in  the  pe^ 
cipient.  Nothing  then  remained  of  Matter  save  the  hypo- 
thetical unknown  x — the  postulate  of  speculation.  Kant 
seemed  for  ever  to  have  closed  the  door  against  the  real 
Cosmos  when  he  transformed  it  into  a  group  of  mental  fonns 
— Time,  Space,  Causality,  Quantity,  &c.  He  propounded 
what  may  be  called  a  theory  of  mental  Dioptrics  whereby  a 
pictured  imiverse  became  possible,  as  Experience  by  its  own 
a  priori  laws  moulded  itself  into  a  consistent  group  of  appear- 
ances, which  produced  the  illusion  of  being  a  group  of 
realities.  He  admitted,  indeed,  that  by  the  operation  of 
Causality  we  are  compelled  to  believe  in  a  Real  underlying 
the  appearances ;  but  the  very  fact  that  this  Causality  is  a 
subjective  law,  is  proof,  he  said,  of  its  not  being  an  objediti 
tnith.  Thus  the  aim  of  the  mechanical  conception  was  to 
free  research  from  the  misleading  complexities  of  subjective 
adulterations,  and  view  thinr/s  as  they  are  apart  from  thdr 
appearances ;  but  this  aim  seemed  illusory  when  Psychology 
showed  that  Time,  Space,  Matter,  and  Motion  were  them- 
selves not  objective  reals  except  in  so  far  as  they  represented 
subjective  necessities ;  and  that,  in  short,  things  areyi&t  what 
they  appear^  since  it  is  only  in  the  relation  of  external  reals 
to  internal  feelings  that  objects  exist  for  us. 

5.  Idealism  has  been  the  outcome  of  the  psychological 
method.     It  has  been  of  immense  service  in  rectifying  the 
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eonocption,  aiid  in  correcting  the  tnecbciiiicul  cou- 
It  baa  restored  the  mibjettivo  Factor,  which  the 
eonception  had  eliminated.  It  has  brought  into 
CleaniGss  thi)  ftiiidaniental  fact  that  all  our 
igt  from,  and  is  limited  hy.  Feeling.  It  has 
univeT<te  reprpsenled  in  that  knowledge,  can 
■  pietnrt>  of  the  system  of  things  as  these  exist  in 
to  our  Sensibility.  But  equally  with  the  mechanical 
ion  it  haa  erred  by  incomplete  analysis.  For  a  com- 
beory  of  the  universe,  or  of  any  one  phenomenon. 
Irmcntary  conditions  mIiicIi  analysis  hns  proviaioually 
b  must  finally  be  restored.  When  Quality  is  replaced 
Btity,  this  is  an  arliiice  of  method,  which  does  not 
nrreapond  with  fact.  Tlie  quality  ia  the  fact  given  in 
which  we  analytically  refer  to  quantitative  differ- 
bat  which  can  never  be  wholly  resolved  into  them. 
t  must  Iw  presupposed  throughout.  One  colour,  for 
may  be  distinguishetl  from  anotlier  as  having  more 
r  Dodulations ;  and  so  we  may  by  abstraction,  letting 
I  qualitative  characters,  make  a  scale  of  undulations 
caent  the  scale  of  colours,  Hut  this  is  an  ideal 
It  is  the  representation  of  one  series  of  feelings  by 
■Mric»  of  different  feelings.  No  variation  of  undula- 
rQI  renlly  correspond  with  variation  in  colour,  unless 
Lroduce  the  suppressed  quality  which  runs  through 
tr.  Attempt  lu  make  one  bom  blind  feel,  or  eveu 
tuid,  Colour  by  describing  to  him  the  kind  of  wave- 
Dt  which  it  is  said  to  ho,  and  the  vanity  of  the  effort 
manifest.  M<jvcment  he  knows,  and  varieties  of 
eot  aa  given  in  tactile  ami  muxvlar  stjuatiom ;  but 
binalion  and  manipulation  of  such  experiences  can  give 
B  specific  sensation  of  Colour.  That  is  a  purely  anbjec- 
te.  which  he  is  incapable  of  experiencing,  simply 
one  of  the  essential  factors  is  absent.  One  set  of  objec- 
BditivRS  is  present,  bnt  the  other  set  (his  sense-organ) 
itive  Without  the  "  greeting  of  the  spirit "  undulations 
liecoine  colours  (nor  even  undulations,  for  these  also  are 
feeling).     Beside*  the  sense-organ  there  is  needed 
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the  feeling  of  Difference,  wbicli  is  itself  the  product  of  past 
and  present  feelings.  The  reproduction  of  other  colours,  or 
other  shades  of  colour,  is  necessary  to  this  perception  of  differ- 
ence ;  and  this  involves  the  element  of  Likeness  and  Unlike- 
ness  between  what  is  produced  and  reproduced.  Sotliata 
certain  mental  co-operation  is  requisite  even  for  the  simplest 
perception  of  quality.  In  fact,  psychological  analysis  abows 
that  eveu  Motion  and  Quantity,  the  two  objective  terms  to 
which  subjective  Quality  is  reduced,  are  themselves  Fundsf 
mental  Signatures  of  Feeling;*  so  that  here,  as  elsewhere, it  is 
only  by  analytical  artifice  that  the  objective  can  be  divorced 
from  the  subjective.  Matter  U  for  us  the  Felt ;  its  Qualities 
are  differences  of  Feeling. 

6.  ITot  that  this  result  is  to  be  interpreted  as  freeing  oar 
Theoretic  Conception  from  its  objective  side,  and  landing  us 
in  Idealism,  which  suppresses  the  real  universe.  The  deiiial 
of  all  reality  apart  from  our  minds,  is  a  twofold  mistake:  it 
confounds  the  conception  of  general  relations  with  particular 
relations,  declaring  that  because  the  External  in  its  relation 
to  the  sentient  organism  can  only  be  what  it  is  felt  to  be, 
therefore  it  can  have  no  other  relations  to  other  individual 
reals.  This  is  the  first  mistake.  The  second  is  the  disr^iard 
of  the  constant  presence  of  the  objective  real  in  every  fact  of 
Feeling :  the  Not-Self  is  emphatically  present  in  every  con- 
sciousness of  Self, 

The  legitimate  conclusion  is  neither  that  of  Dualism  not 
of  Idealism,  but  what  I  have  named  Heasoned  BeaUsm  (Prd)- 
lema,  vol.  i.  p.  1/6),  which  reconciles  Common  Sense  with 
Speculative  Logic,  by  showing  that  although  tlie  truth  of 
things  (their  WoJirheit)  is  just  what  we  perceive  in  them 
(our  TFahmehmung),  yet  their  reality  is  this,  and  mucli 
more  than  this.  Things  are  what  they  are  felt  to  be ;  and 
what  they  are  thought  to  be,  when  thoughts  are  symbols 
of  the  perceptions.  Idealism  declares  that  they  are  Clothing 
but  this.  It  is  against  this  nothing  hit  that  Common  Sense 
protests ;  and  the  protest  is  justified  by  Eeasoned  Bealism, 

*  Not  transcendental  and  a  priori^  as  Kant  teaches ;  but  immanent 
in  Feeling. 
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■rhich,  taking  a  compreliensive  survey  of  the  facts,  thus 
answers  the  idealist :  "  Your  synthesis  is  imperfbct,  since  it 
does  not  include  all  the  data — notably  it  excludes  the  fact  of 
an  objective  or  Not-Self  element  in  every  feeling.  You  may, 
conceivably,  regard  the  whole  universe  as  notluug  but  a  series 
of  changes  in  your  consciousness ;  but  you  cannot  hope  to 
oonvince  me  that  I  myself  am  simply  a  change  in  yourself, 
or  tliat  my  body  is  only  a  fleeting  image  in  your  mind. 
Hence  although  I  conclude  that  the  Xot-Self  is  to  you,  as  to 
we,  undivorceable  from  Self,  inalienable  from  Feeling,  in  so 
far  as  it  is  felt,  yet  thei-e  must  nevertheless  be  for  both 
of  us  an  existence  not  wholly  coextensive  with  our  own. 
My  world  may  be  my  picture  of  it ;  ymir  world  may  be  your 
picture  of  it ;  but  there  is  something  common  to  both  which 
is  more  than  either—  an  existent  which  has  different  relations 
to  each.  You  are  not  vie,  nor  is  the  pictured  Cosmos  int, 
although  I  picture  it  Looking  at  you  and  it,  I  see  a  vast 
whole  of  wliich  you  are  a  small  part ;  and  such  a  part  I  con- 
clude myself  to  be.  It  is  at  once  a  picture  and  the  jiictured  ; 
at  once  subjective  and  objective.  To  me  all  your  modes 
of  existence  are  objective  asiKxts,  which,  drawing  from  my 
own  experience,  I  believe  to  have  corresponding  subjective 
aspects  ;  so  that  your  emotions,  which  to  me  are  purely  phy- 
sical facts,  are  to  you  purely  mental  facts.  And  psychologi- 
cal  analysis  assures  me  that  all  physical  facts  arc  mtiUal  facts 
txpresud  in  objective  terms,  and  mental  facts  are  2)hysical  facts 
crjfressed  in  mdtjective  terms." 

7.  But  while  lliilosophy  thus  replaces  the  conceptions  of 
Dualism   and  Idealism   by  the   conception  of  the  Twofold 
Aspect,  the  special  sciences  in  their  analytical  career  have  dis- 
regarded the  problem  altogether.     The  mechanical  theory  of 
the  universe  not  only  simplified  research  by  confining  itself 
solely  to  the  objective  asjn^ct  of  phenomena,  but  by  a  further 
simplification    set    aside   all   vital   and   chemical  relations, 
to    deal   exclusively   with  mechanical  relations.     In  ascer- 
taining the   mathematical  relations   of    the  planetary  sys- 
tem, no  elucidation  could  possibly  be  gained  from  biological 
or  chemical  conceptions ;  the  planets  tlierefore  were  provi- 
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sionally  stripped  of  ever}'^thing  not  mechanical.  In  systema- 
tising  tlie  laws  of  motion,  it  was  necessary  to  disengage  the 
abstract  relations  from  everything  in  any  way  resembling 
spontaneity,  or  extra-mechanical  agency :  Matter  was  there- 
fore, by  a  bold  fiction,  declared  to  be  inert,  and  its  Motion 
regarded  as  something  superadded  from  without. 

7a.  And  this  was  indispensable  for  the   construction  of 
those  ideal  laws  which  are  the  objects  of  scientific  research. 
Science,  as  we  often  say,  is  the  systematisation  of  Experience 
under  the  forms  of  ideal  constructions.     Experience  implies 
Feeling,  and  certain  fundamental  Signatures,  all  reducible  to 
the  primary  discernment  of  Likeness  and  Unlikeness.    Hence 
Science  is  first  a  classification  of  qualities  or  discerned  like- 
nesses and  differences;  next  a  measurement  of  quantities  of 
discerned  likenesses  and  differences.     Although  measurement 
is  itself  a  species  of  classification,  it  is  distinguished  by  the 
adoption  of  a  standard  unit  of  comparison,  which,  being  pre- 
cise and  unvarying,  enables  us  to  express  the  comparisons  in 
precise  and  unvarying  symbols.     Whether  the  unit  of  length 
adopted  be  an  inch,  a  foot,  a  yard,  a  mile,  the  distance  of  the 
earth  from  the  sun,  or  the  distances  of  the  fixed  stars,  the 
quantities  thus  measured  are  symbols  admitting  of  one  in- 
variable interpretation.     The  exactness  of  the  mathematical 
sciences  is  just  this  precision  and  invariability  of  their  sym- 
bols, and  is  not,  as  commonly  supposed,  the  source  of  any 
superior  certainty  as  to  the  facts.    The  classificatory  sciences, 
which  deal  with  qualities  rather  than  with  quantities,  may 
be  equally  certain,  and  represent  fuller  knowledge^  because 
involving  more  varied  feelings,  but  they  cannot  pretend  to 
exactness.     Even  on  the  quantitative  side,  certainty  is  not 
identical  with  exactness.     I  may  be  quite  certain  that  one 
block   of  marble   is  larger  than  another — meaning  that  it 
afiTects  me  more  voluminously — ^but  I  cannot  know  how  much 
larger  it  is,  without  interpreting  my  feelings  by  the  standard 
of  quantity — the  how-muchness  as  represented  by  that  stan- 
dard.    The  immense  advantages  of  exact  measurement  need 
not  be  insisted  on.     The  Biological  Sciences,  which  are  pre- 
dominantly classificatory,  can  never  rival  the  Cosmological 
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5>ci<»nces  in  exactness ;  hut  they  may  roach  fi  fuller  know- 
ledge ;  and  their  certainty  will  assume  more  and  more  the 
character  of  exactness  as  methods  of  measurement  are  npplietl 
to  their  classifications  of  qualities.  The  qualitative  an<l  quan- 
titative aspects  of  phenomena  are  handled  by  the  two  great 
instruments,  Logic  and  Mathematics,  the  second  being  only  i\ 
special  form  of  the  first.  These  determine  the  general  con- 
ceptions which  are  derived  from  our  perceptions,  and  tint 
whole  constitute  Experience. 

8.  What  is  the  conclusion  to  which  these  considerations 
lead  ?  It  is  that  the  separation  of  the  quantitative  from  tlio 
qualitative  aspect  of  phenomena — the  objective  mechanical 
from  the  subjective  psychological — is  a  logical  artifice  indis- 
pensable to  research ;  but  it  is  only  an  artifice.*  In  pursu- 
ance of  this  artifice,  each  special  science  must  be  regarded  as 
the  search  after  special  analytical  results;  and  meanwhih^ 
tills  method  should  be  respected,  and  no  confusion  of  the 
boundaries  between  one  science  and  another  should  1k> 
suffered.  Mechanical  problems  must  not  l)e  confused  by  the 
introduction  of  biological  relations.  I>iological  problems  must 
not  be  restricted  to  mechanical  relations.  I  do  not  mean 
that  the  mechanical  relations  present  in  biological  pheno- 
mena are  not  to  be  sought,  and,  when  found,  to  be  expressed 
in  mechanical  terms ;  I  mean  that  such  an  inquiry  must  be 
strictly  limited  to  mechanical  relations.  Subjective  relations 
are  not  to  be  denied,  because  they  are  provisionally  set  aside, 
in  an  inquiry  into  objective  relations;  but  we  must  carefully 
distinguish  which  of  the  two  orders  we  are  treating  of,  and 
express  each  in  its  appropriate  tenns.  This  is  constantly 
neglected.  For  example,  nothing  is  more  common  than  to 
meet  such  a  phrase  as  this :  "  A  atnsor^j  impre^wm  is  trans- 
mitted as  a  iraiY  of  viofion  to  the  brain,  and  there  being 
transformed  into  a  state  of  consciousness,  is  again  retlecte<I  as 
a  moioT  impulse." 

The  several   sciences   having  attained  certain  analj'tical 

•  The  reader  will  understand  that  ahhongli  mechanical  relations  «ro 
Hiodes  of  Feeling,  as  all  other  relations  are,  yet  their  aspect  is  exclu- 
aivel J  objective,  referring  to  objects  ideally  detached  from  subjects.. 
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results,  it  remains  for  Philosophy  to  co-ordinate  these  into  a 
doctrine  which  will  famish  general  conceptions  of  the  Woiid, 
Man,  and  Society.  On  the  analytical  side  a  mecfaanical 
theory  of  the  universe  might  be  perfected,  but  it  would  still 
only  be  a  theory  of  mechanical  relations,  leaving  all  other 
relations  to  be  expressed  in  other  terms.  We  cannot  accept 
the  statement  of  Descartes  that  Nature  is  a  vast  mechanism, 
and  Science  the  universal  application  of  mathematics.  The 
equation  of  a  sphere,  however  valuable  from  a  geometrical 
point  of  view,  is  useless  as  an  explanation  of  the  nature  and 
properties  of  the  spherical  body  in  other  relations.  And  so 
a  complete  theory  of  the  mechanical  relations  of  the  organ- 
ism, however  valuable  in  itself,  would  be  worthless  in  the 
solution  of  a  biological  problem,  unless  supplemented  bj  all 
that  mechanical  terms  are  incompetent  to  express. 

9.  The  course  of  biological  speculation  has  been  similar  to 
the  cosmological.     It  also  began  with  a  First  Notion,  which 
compendiously  expressed  the  facts  of  Experience.    Nor  can 
any  Theoretic  Conception  be  finally  adopted  which  does  away 
with  these  facts,  known  with  positive  certainty,  and  popu- 
larly expressed  in  the  phrase :  "  I  have  a  body,  and  a  sod." 
We  may  alter  tlie  phrase  either  into,  "  I  am  a  body,  and  I  c» 
a  soul ; "  or  into,  "  My  body  is  only  the  manifestation  of  my 
soul ; "  or,  "  My  soul  is  only  a  function  of  my  body ; "  but  the 
fundamental  experiences  which  are  thus  expressed  are  of 
absolute  authority,  no  matter  how  they  may  be  interpreted. 
That  I  have  a  body,  or  am  a  body,  is  not  to  be  speculatively 
argued  away.     That  I  move  my  arm  to  strike  the  man  who 
has  offended  me,  or  stretch  out  my  hand  to  seize  the  fruit 
which  I  see,  is  unquestionable;  that  these  movements  are 
determined  by  these  feelings,  and  are  never  thus  efiected 
unless  thus  determined,  is  also  unquestionable.     Here  aie 
two  sets  of  phenomena,  having  well-marked  differences  of 
aspect ;  and  they  are  grouped  respectively  under  two  general 
heads.  Life   and  Mind.      Life  is  assigned  to  the  physical 
organism,  or  Body — all  its  phenomena  are  objective.    Mind 
is  assigned  to  the  psychical  organism,  or  Soul — all  its  pheno- 
mena are  subjective.     Although  what  is  called  my  Body  is 
shown  to  be   a  group  of  qualities  which  are  feelings — ^its 
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Colour,  Fonn,  solidity,  position,  motion — all  its  pliyaical  attri- 
I  baus  beii^  what  is  felt  by  us  in  coiisequence  of  the  laws  of 
r  orgaoiaation ;  yet  inasmiicli  as  these  feelings  have  the 
metcristic  marks  of  objectivity,  and  are  thereby  referred 
nv  objective  exbtence,  we  drnv  a  broad  line  of  deinar- 
reen  them  and  otlicr  feeling  having  the  charac- 
■ku  of  subjectivity,  and  referring  to  ourselves  as 
I'sj-chological  analysis  shows  us  that  tliis  line  of 
Mtion  is  artificial,  only  representing  a  diversity  of 
;  but  oa  such  it  ia  indispenaablo  to  science.  "Wo  can- 
lUy  separate  in  a  sensation  what  is  objective  from  what 
f  fa  iabjectiivfi,  and  say  how  much  K-longs  to  the  Cosmos  apart 
I  Sensibility,  and  how  much  to  the  subject  pure  and 
lie;  we  can  only  view  the  sensation  alternately  in  its 
ctive  and  subjective  aspects.  What  belongs  to  extra- 
ntal  existence  in  the  phenomenon  of  Colour,  and  what  h) 
nting  of  the  spirit."  is  utterly  beyond  human  know- 
C  Ou)  ethereal  undulations  which  pbysiL-ist^  presitp- 
e  ctemic  condition  are  themselves  subjected  to  this 
eting  of  the  «pint :  they  too  are  ideal  fonns  of  sensible 


.  This  conclusion,  however,  was  very  slowly  reached. 
)  distinction  of  aspects  was  made  the  ground  of  a  corre- 
'  Ipoadtiig  distinction  in  agencies.     Each  group  was  personiiied 
'  uti  tMlatcd.     The  one  group  was  jiersoiiified  in  Spirit — an 
mt  in  every  respect  opposed  to  Matter,  whicli  was  the 
mt  represented  in  tlte  other  group.     One  was  said  to 
Bple,  iadestrnctiblo ;  the  other  compound,  destructible. 
I  invisible,  impalpable,  beyond  the  grasp  of  Sense; 
r  wna  visible,  tangible,  sensible.     One  was  of  heaven, 
r  of  eartlL    Thus  a  biological  Dualism,  Analogous  to 
al,  replaced  the  First  Notion.     It  was  under- 
1  by  advances  in  two  directions.     Psychology  began  to 
B  that  our  conception  of  Matter  was,  to  say  the  least, 
i  with  Mind,  its  Atoms  confi^fisodly  Iwing  ideal  fi^- 
1  that  all  the  terms  by  wtilch  we  expressed  matt- 
t*  were  terms  which  expressed  vu>de»  of  Fetliiuj; 
whatever   remained  over  and  above  this  was  the 
m   z,   which   speculation    require    as    a   iKutulute. 


3l8  THE  PHYSICAL  BASIS  OF  MIND. 

Idealism,  rejecting  this  postulate,  dedared  that  Matter  was 
simply  the  projection  of  Mind,  and  that  our  Body  was  the 
objectivation  of  our  SouL  Physiology  began  to  disclose  that 
all  the  mental  processes  were  (mathematically  speaking) 
functions  of  physical  processes,  i.e.,  varying  with  the  varia- 
tions of  bodily  states ;  and  this  was  declared  enough  to  banish 
for  ever  the  conception  of  a  Soul,  except  as  a  term  simply 
expressing  certain  functions. 

11.  Idealism  and  ^laterialism  are  equally  destructive  of 
Dualism.     The  defects  of  particular  idealist  and  materialist 
theories  we  will  not  here  touch  upon;  they  mainly  result 
from  defects  of  Method.     Kot  sufficiently  recognising  the 
primary  fact  testified  by  Consciousness,  namely,  that  Expe- 
rience expresses  both  physical  and  mental  aspects,  and  that 
a  Not-Self  is  everywhere  indissolubly  interwoven  with  Salt 
an  objective  factor  with  a  subjective  factor,  the  idealist  re- 
duces Existence  to  a  mere  panorama  of  mental  states,  and 
the  Body  to  a  group  in  this  panorama.     He  is  thus  incapable 
of  giving  a  satisfactory  explanation  of  all  the  objective  pheno- 
mena which  do  not  follow  in  the  same  order  as  his  feelings, 
which   manifest   a  succession   unlike   his   expectation,  and 
which  he  cannot  class  under  the  order  of  his  mental  states 
liitherto  experienced.      He  conceives  that  it  is  the  Mind 
which  prescribes   the  order    in  Things ;  whereas  experience 
assures  us  that  the  order  Ls  described,  not  prescribed  by  us: 
described  in  terms  of  Feeling,  but  determined  by  the  laws  of 
Things,  i.e.y  the  genesis  of  subjective  phenomena  is  detennined 
by  the  action  of  the  Cosmos  on  our  Sensibility,  and  the  re- 
action of  our  Sensibility.     He  overlooks  the  evidence  that  the 
mental  forms  or  laws  of  thought  which  determine  the  charac- 
ter of  particular  experiences,  were  themselves  evolved  through 
a  continual  action  and  reaction  of  the  Cosmos  and  the  Soul, 
precisely  as  the  laws  of  organic  action  which  determine  the 
character  of  particular  functions  were  evolved  through  a  con- 
tinual adaptation  of  the  organism  to   the  medium.     These 
immanent  laws  are  declared  to  be  transcendental,  antecedent 
to  all  such  action  and  reaction. 

A  similar  exclusiveness  vitiates  the  materialist  doctrine. 
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the  primary  fact  that  Feeling  is  iadissolubly 
;h  processes  regarded  as  purely  jihyaical  becauae 
idered  solely  in  their  objecUvo  aspect,  the  mate- 
lecognise  the  operution  of  psychological  laws  in 
letsmunation  of  physiological  results ;  he  hopes  to  reduce 
tag;  to  ft  piobleiu  of  Mechanics.     But  Vitality  and  Sen- 
lily  are  cocfficieuta  \thich   must  render  the  mechauical 
llem  insoluble,  if  only  on  tbti  ground  that  mechanical 
iciplis  have  reference  to  quantitative  relations,  whereas 
1  relations  are  qualitative.     His  error  la  the  obverse  of 
Titolist's  t'rror.     The  vitalisl  imagines  that  the  speciality 
Hgantc  plientinK'na  proves  the  existence  of  a  cause  whidi 
no   community  with   the   forces   operating   elsewhere  ■ 
taming   his  back  on   all  the   evidence,  ho  attempts  to 
etganic  phenomena  without  atiy  aid  from  Physics  and 
~''      The   materialist,  turning   his   back   on  all  the 
quite  special  conditions  only  found  at  work  iu 
lisms,  tries  to  explain  lliu  problem  solely  by  the  aid 
and  Chemistry.     It  is  quiL«  certain  that  physiolo- 
aod  psychological  problems  are  not  to  be  solved  if  we 
the   lan-B  of  Kvolution  tlirough  Cpigencais.     The 
;uro  is  evolved,  as  the  physical  structure  ia 
is  quite  certain  that  no  such  evolution  is  visible 
,  nor  will  any  one  suppose  it  to  be  possible 
From  the  biological  point  of  view  we  must 
both  Idealism  and  Materialism.     We  applaud 
it  saya,  "J>oii't  confuse  mental  facta  by  the 
InctioD  of  physical  hypotheses ;  "  and  the  other  when  it 
Don't  diirken  physical  facts  with  metaphysical  mbls." 
both  :  "  By  all  means  make  clear  to  yourselves 
of  the  phenomeua  you  are  dealing  witli,  and 
in  its  own  terms.      UuC  in  endeavouring   to 
a  phenomenon  you  must  take  inU>  account  all  ita 
inablii   cooditioaa.     Xow  these  conditions  are  aomo 
only   approachable  from  tbc  objoctivu  aide;  al  other 
only  from  the  subjective  side." 

l^liile  it  ia  necessary  to  keep  the  investigation  of  ■ 
Ml  ita  objective  aide,  limited  to  objective  coodiliou^ 
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and  to  express  the  result  in  objective  terms,  we  must  temem- 
ber  that  this  is  an  artifice;  above  all,  we  must  ^member tkt 
even  within  the  objective  limits  our  analyses  are  only  pitni- 
sional,  and  must  be  finally  rectified  by  a  restoration  of  alltiie 
elements  we  have  provisionally  set  aside.  Thus  rectified,  the 
objective  interpretation  of  vital  and  mental  phenomena  has  the 
incomparable  advantage  of  simplifying  research,  keepingit  fixed 
on  physical  processes,  instead  of  being  perturbed  by  suggwtkms 
of  metaphysical  processes.  And  as  all  physical  investigation 
naturally  tends  to  reduce  itself  to  a  mechanical  investigation, 
because  Mechanics  is  the  science  of  motion,  and  all  physical 
processes  are  motions,  we  may  be  asked,  Why  should  not  the 
mechanical  point  of  view  be  the  rational  standing- point  of  the 
biologist  ?  Our  answer  is.  Because  Mechanics  concerns  itself 
with  abstract  relations,  and  treats  of  products  without  refier- 
ence  to  modes  of  production,  i.e.,  with  motions  without  refer- 
ence to  all  the  conditions  on  which  they  depend.  Every 
physical  change,  if  expressed  in  physical  terms,  is  a  change  rf 
position,  and  is  determined  by  some  preceding  change  of  posi- 
tion. It  is  a  movement  having  a  certain  velocity  and  direc- 
tion, which  velocity  and  direction  are  determined  by  the 
velocity  and  direction  of  a  force  (a  pressure  or  a  tension) 
compounded  with  the  forces  of  resistance,  i.e.,  counter-ptw- 
sures.  Clearly,  the  nature  of  the  forces  in  operation  mnst  be 
taken  into  account;  and  it  is  this  which  the  mechanical vie^ 
disregards,  the  biological  regards.  The  mechanical  view  is 
fixed  on  the  ascertained  adjustment  of  the  parts,  so  that  the 
working  of  the  organism  may  be  explained  as  if  it  were  a 
machine,  a  movement  here  liberating  a  movement  there.  The 
biological  view  includes  this  adjustment  of  parts,  but  takes  in 
also  the  conditions  of  molecular  change  in  the  parts  on  which 
the  adjustment  dynamically  depends.  Mechanical  actions 
may  be  expressed  as  the  enlargement  or  diminution  of  the 
angle  of  two  levers ;  but  chemical  actions  are  not  thus  expres- 
sible ;  still  less  vital  and  mental  actions. 

13.  The  organism  is  on  the  physical  side  a  mechanism,  ami 
so  long  as  the  mechanical  interpretation  of  organic  pheno- 
mena is  confined  to  expressing  the  mechanical  principles 
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,  the  mechanical  relationa,  it  ia  eminently  to  be 

But  the   organism  is  something  more  than   a 

even  on  the  physical  side ;  or,  since  this  statement 

miannderstood,  let  mo  say.  wliiit  no  one  will  dispute. 

the  oi^&niata  is  a  mechanism  of  a  very  special  kind,  in 

cardinal  points  unlike  all  machines.     This  difference  of 

p  with  it  a  difference  of  causal  conditions.     In  so 

'•ctioDs  of  this  mechanism  are  those  of  a  dependent 

of  material  positions,  they  are  actions  expressible  in 

terma ;  but  in  so  far  as  these  actions  are  depen- 

on  rital  processes,  they  are  not  expressible  in  mechanical 

Vital  facts,  especially  facta  of  sensibility,  have  factors 

discernible  in  machines  nor  expressible  in  mechanical 

■,     We  cannot  ignore  ihcm,  although  for  analytical  pur- 

Wtt  nay  provisionally  set  tliem  aside. 

the  course  of  the  development  of  the  mechanical  theory, 
'lasUKj  of  which  has  just  been  briefly  sketched,  biolofpesl 
Uenu  ba%'G  more  and  more  come  under  its  influence, 
has  >lwnya  Wen  a  fierce  resistance  to  the  attempt  to 
Ua  vital  and  sentient  phenomena  on  mechanical,  or  even 
nseal  principles,  but  still  the  question  has  inceasantlr  re- 
fcd.  How  far  is  the  organism  mechanically  interpretable  ? 
i  while  the  progress  of  Biology  has  shown  more  and  more 
^Budune-like  adjustment  of  the  Beveral  parts  of  which  the 
composed,  it  has  also  shown  more  and  more  the 
krentioti  of  conditions  not  mecboniodly  interpretable. 
ibMll  have  to  cniisldor  the  question  therefore  under  two 
Vinlt  whether  animals  are  machines,  and  if  not,  by 
It  eharacten  do  we  distinguish  tliem  from  machines  f 
■ndly,  in  what  Henae  can  we  correctly  speak  of  Keeling  a^ 
■pot  iu  oTgaaic  pTocessea  t 
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THE  VITAL  MECHANISM, 

14.  No  answer  can  be  successfully  attempted  in  reply  to 
the  first  of  the  questions  which  closed  the  last  chapter  until 
we  have  given  precision  to  certain  terms  of  incessant  reciff- 
rence.  I  have  often  to  remark  on  the  peculiar  misfortune  of 
Psychology,  that  all  its  principal  terms  are  employed  by  dif- 
ferent writers,  and  are  imderstood  by  difierent  readers,  in 
widely  dififerent  senses :  they  denote  and  connote  meanings 
of  various  significance.  All  physicists  mean  the  same  thing 
when  they  speak  of  weight,  mass,  momentum,  electridly, 
heat,  &c.  All  chemists  mean  the  same  thing  when  tky 
speak  of  aflSnity,  decomposition,  oxygen,  carbonic  acid,fc. 
All  physiologists  mean  the  same  thing  when  they  speak  of 
muscle,  nerve,  nutrition,  secretion,  &c.  But  scarcely  any  two 
psychologists  mean  precisely  the  same  thing  when  they  speak 
of  sensation,  feeling,  thought,  volition,  consciousness,  &c; 
and  the  dififerences  of  denotation  and  connotation  in  their 
uses  of  such  terms  lead  to  endless  misunderstanding.  As 
Eousseau  says,  "  Les  definitions  pourraient  etre  bonnes  si 
Ton  n*employait  pas  les  mots  pour  les  faire."  But  since  we 
must  employ  words  as  our  signs,  our  utmost  care  should 
be  given  to  clearly  marking  what  it  is  the  signs  signify. 

15.  The  question  we  have  now  before  us,  whether  animal 
actions  are  interpretable   on  purely  mechanical  principles? 
can  only  be  answered  after  a  preliminary  settlement  of  the 
terras.     The  first  of  these  terms  to  be   settled   is  that  of 
mechanism,  when   applied  to  the  vital   organism.      If  the 
organism  is  a  mechanism,  its  actions  must  of  course  be  inte^ 
pretable  on  mechanical  principles.     But  this  general  truth 
requires  a  special  interpretation,  if  on  inquiry  we  find  that 
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t.)je  or«ranism  is  a  [Kirticular  kind  of  inccliiinisiu,  one  wliich  is 
*?/>/  to  be  classed  under  the  same  head  as  inorganic  machines. 
-And  tliis  we  do  find.  In  Problem  I.  §  22,  will  be  found 
a  statement  of  the  radical  difference  between  organic 
4tnd  inorganic  mechanisms,  due  to  the  differences  in  their 
structures.  But  the  difll'erences  there  noted  do  not  affect 
the  operation  of  abstract  mechanical  principles,  which 
are  of  course  manifested  wJiercver  there  is  a  de})endent 
frequence  of  material  changes;  and  which  are  the  same 
alistract  i»rin(iples  in  the  mechanism  of  the  heavens,  the 
mechanism  of  a  pajKir-mill,  or  the  mechanism  of  an  animal 
IkxIv.  In  other  words,  the  princij^les  are  abstract,  and  are 
altstracteil  from  all  concrete  cases  by  letting  drop  what  is 
8{)ecial  to  each  case,  retaining  only  what  is  common  to  all. 
This  procedure  is  indispensable  to  the  ideal  constructions  of 
Science.  But  we  cannot  rightly  interpret  any  concrete  case 
by  abstract  principles  alone;  we  must  restore  the  special 
characters  which  the  abstraction  has  eliminated.  The  most 
lucid  explanation  of  the  mechanism  of  the  heavens  will  leave 
us  quite  in  the  dark  respecting  the  action  of  a  ])(aper-mill, 
until  we  have  studied  the  mill  at  work,  ascertained  its  struc- 
ture and  mode  of  operation,  and  therein  detected  what  is 
common  lK)th  to  its  mechanism  and  to  the  mechanism  of  the 
heavens.  Thus  equipped,  we  approach  the  study  of  the 
animal  mechanism,  but  find  ourselves  wholly  in  the  dark 
until  we  have  also  ascertained  its  structure  and  mode  of 
operation;  then  we  may  recognise  in  it  the  j)rinciple8  of 
de])endent  sequence  which  had  been  abstracted  from  the 
pajior-mill  and  the  heavens.  To  neglect  this  concrete  study, 
and  to  argue  from  Machinery  to  Life  in  disreganl  of  s|>ecial 
conditions,  is  not  more  rational  than  to  assume  that  the 
movement  of  a  piston  is  i)romj»t(*d  by  volition. 

16.  The  recognition  of  si>ecial  diifercnces  is  no  denial  of 
fundamental  identitit\s.  We  do  not  deny  the  presence  of 
phenomena  in  organisms  which  belong  to  j)hysical  and  chemi- 
cal agencies,  but  we  a.^sert  that  organisms  have  other  phe- 
nomena besides  these,  dependent  on  conditions  not  present 
in  physical  and  chemical  phenomena.     The  same  material 
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elements  and  forces  may  be  recognised  in  a  moving  inorganio 
body,  and  a  moving  organic  body ;  but  in  the  latter  there  is 
a  speciality  of  combination  with  a  speciality  of  result  Just 
as  the  same  words  and  laws  of  grammatical  construction  may 
be  recognised  in  prose  and  poetry;  yet  poetry  is  not  prose, 
but  has  special  rules  of  its  own,  and  special  effects.  In  an 
organism,  as  in  a  machine,  the  adjustment  of  the  parts  is  a 
condition  of  the  mechanical  action;  the  one  enables  us  to 
explain  the  other.  But  the  parts  adjusted,  and  the  conse- 
quences  of  the  adjustment,  are  unlike  in  the  two  cases.  This 
unlikeness  is  pervading  and  profound.  One  cardinal  difikr- 
ence  is  that  the  combination  of  the  parts  is  in  the  machine 
a  fixed,  in  the  organism  a  fluctuating  adjustment ;  and  this 
fluctuation  is  due  to  certain  vital  processes  subjectiyelj 
known  as  sensitive  guidance.  Hence  machines  have  filed 
and  calculated  mechanisms ;  whereas  organisms  are  variable 
and  to  a  great  extent  incalculable  mechanisms. 

17.   I  conceive,  therefore,  that  a  theory  which  reduces  fital 
activities  to  purely  physical  processes  is  self-condemned. 
Not  that  we  are  to  admit  the  agency  of  any  extra-oiganic 
principle,  such  as  the  hypothesis  of  Vitalism  assumes  (Prob. 
I.  §  14) ;  but  only  the  agency  of  an  intra-organic  principle,  or 
the  abstract  symbol  of  all  the  co-operant  conditions— the 
special  combination  of  forces  which  result  in  organisation. 
This   assures   us   that   an   organism   is   a  peculiar  kind  of 
mechanism,  the  processes  in  which  are  peculiar  to  it ;  and 
among  those  processes  there  is  one  which  results  in  what  we 
call  Sensibility.     This  Sensibility  is  a  factor  which  raises  the 
phenomena  into  another  order.     To  overlook  its  presence  is 
fatal  to  any  explanation  of  the  organic  mechanism.     Yet  it  is 
overlooked  by  those  who  tell  us  that  when  an  impression  on 
a  nerve  is  conveyed  to  the  brain,  and  is  thence  reflected  on 
the  limbs — as  when  the  retina  of  a  wolf  is  stimulated  by  the 
image  of  a  sheep,  and  the  spring  of  the  wolf  upon  the  sheep 
follows  as  a  "purely   mechanical  consequence — the  whole 
process  has  from  first  to  last  been  physical"     Unless  the 
term  physical  is  here  used  to  designate  the  objective  sequence, 
as  contemplated  by  an  onlooker,  who  likens  the  process  to 
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'w*!  ofaHervable   in  a  macliine,  I  tlioult]  ssy  that 

;     ;  Id  Last  the  proceaa  lias  been  not  pbyaical,  but  vital, 

x/hiu^  among  its  eesenUol  conditions  tbe  peculiarly  vital 

'  iitr  nuuod  Sensibility.     Tb(!  process  taking  place  in  the 

iTs  orpiAnUm  is  one  wliich  iDvolvea  conditions  never  found 

puivly  pbyiical  pnx'i^»§es.     We  may  indeed  analytically 

^rrigani   th«c«.     We   tuay  view  the  procea*  in  its  purely 

i  >i\-siaU  relation!*,  or  in  ite  purely  chomical  relntions,  or  in 

itM  puKlr  lualhematicol  (mechniiical)  relations.      But  this  is 

tbe  artiftco  of  the  analytical  method.     In  reality  the  prousm 

M  DO  on«  of  these,  for  it  is  all  of  these ;  it  ia  a  procoaa  ui 

«  living  org&nism,  and  dL-pi'D<ls  on  conditions  only  found  in 

Imng  orfftanisma — nay,  in  this   particular  cast;   the  process 

dspends  on  conditions  only  found  in  oi^niams  like  that  of 

tl>«  wolf:  for  the  image  of  the  sheep  will  stimulaU  the  brain 

«( a  goat,  hoTse,  or  elephant  without  producing  any  sueb  move- 

uent  to  the  organism. 

18.  The  importance  of  this  point  must  excuse  my  reitcr- 
uiiNi  of  it.  We  must  make  clear  to  ourselves  that  the 
T^^uiinB  ii  in  its  objective  aspect  a  physiological  mechanism, 
:<  KM  rabjoctivi;  aspect  a  psychological  mechanism :  in  both 
•';«cu  it  ia  to  t>c  radically  demarcated  from  nil  inorganic 
luachanunns.  fo  it  the  combination  and  co-ordination  of 
uwvenenta  involve  conditions  never  present  in  machines ; 
■BoBg  tbese  conditions,  tbeni  are  combinations  and  co-ordina- 
tiniH  of  Sensibility,  which,  although  material  processes  on  the 
objwtivB  side,  are  jirocenes  believed  to  be  only  prevent  in 
MgutsBU.  Wa  have  the  strongest  raisons  for  concluding 
that  eveiy  feeing,  every  change  in  Senaihility,  has  its  cot^ 
nUtive  material  [irocess  in  tlie  oiyanism — is.  in  shoit,  only 
ttkc  lobjective  aspect  of  the  objective  organic  change.  What 
in  Pliyatology  is  called  Co-onlinotion  and  has  reference  to 
•rnBcnta,  in  Psychology  may  be  called  Logic,  having  re- 
'  rrace  to  feelings.  Dut  Iw  this  latter  point  accepted  or 
-'  jMt«d.  the  one  point  which  odmila  of  no  dispute  is  that 
:i  organism  is  radically  distinguishable  from  every  inorganic 
Ti-cfaoaistB  in  that  U  aeguira  through  the  very  extreiat  of  il* 
L     ftimanf  eoiulitution,  a  tuw  cotutUution  with  nfu>  pouxn,     lu 
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adjustment  is  a  changing  and  developing  mechanism,  lliat 
is  to  say,  a  machine,  however  complex  its  structure,  is  con- 
structed once  for  all,  and  this  primary  constitution  is  final, 
the  adjustment  of  parts  remaining  unaltered ;  and  although 
by  exercise  the  machine  may  come  to  work  more  easily,  with 
less  friction,  it  never  comes  to  work  differently,  to  readjud 
its  parts,  and  develop  new  capabilities.  It  has  no  Mstmcal 
factor  manifest  in  its  functions.  It  has  no  experience. 
It  reacts  at  last  as  at  first.  How  difiTerent  the  organism! 
This  has  not  only  variable  adjustments  due  to  internal  fluc- 
tuations, it  has  experience  which  develops  new  parts,  and 
new  adjustments  of  old  parts.  Every  organism  has  its 
primary  constitution  in  the  adjustment  of  parts  peculiar  to 
the  species ;  it  has  also  its  secondary  or  modified  constitution, 
in  the  adjustment  which  has  been  more  or  less  altered  bjr 
individual  experiences ;  it  has,  thirdly,  its  temporary  consti- 
tution in  the  variable  adjustment  due  to  the  varying  state 
of  tension  which  results  from  varying  stimulation. 

19.  A  word  on  each.     There  is  a  structural  disposition  of 
the  parts  which  is  common  to  large  groups  of  organisms,  so 
that  a  corresponding  similarity  is  observable  in  the  reactions 
of  these  organisms.     Thus  all  quadrupeds  use  their  limbs  for 
locomotion  in  very  similar  ways ;  birds  use  their  wings  for 
flight  in  similar  ways.    All  vertebrates  swaUow  their  food, 
defend  themselves,  shrink  when  hurt,  &c.,  in  ways  that  are 
very  similar.     In  so  far  as  their  organisations  are  alike,  their 
actions  and  reactions  are  alike.     In  so  far  as  their  organi- 
sations differ,  their  actions  and  reactions  differ.      The  goose 
and  the  vulture  are  alike  in  the  main  lines  of  structure; 
still  more  alike  are  duck  and  hen ;  yet,  owing  to  certain  un- 
like characters  of  structure,  they  manifest  some  marked  dif- 
ferences in  action  and  reaction  :  the  goose  will  starve  in  the 
presence  of  food  which  the  vulture  gluttonously  devours,  and 
the  vulture  will  refuse  the  vegetable  food  which  the  goose 
devours ;  the  duck  plunges  into  the  water,  the  hen  not  only 
refuses  to  enter  it,  but  is  greatly  agitated  when  she  sees  the 
ducklings  she  has  hatched  plunging  into  it.    That  peculiar 
instincts,  habits,  and  feelings  are  rigorously  determined  by 
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in  the  organism,  no  oim  iloubls,  when  animals  ai-i; 

If  this  ia  less  obvious  iii  the  case  of  men,  the 

is  that  there  the  influence  of  other  factors  aomewhut 

Ithe  operation  of  the  primaiy  constitntion — tliese  factoi-s 

B  modified  and  the  temporary  constitutions.     Tet  even 

it  ix  tnie  to  say  that  hia  fecUngs  and  actions  are  the 

of  liis  organisation,  native  and  acquired. 

Ho  two  m«n  are  or^nised  in  all  respects  alike.     Tlicro 

livid u ft]    variations    in   structure,    botli    native   and 

d.    Tlieae  may  lie  too  slight  to  be  appreciable  by  any 

test   than   the   dilference   of    reaction   under  similar 

il   stimuli ;  but   the  variations  in   the   sensibility  to 

colour,  temperature,  sexual  iniluence,  moral  influence, 

tray  correajjonding  differences  in  the  organisms.     Any 

nation  in  structure,  seemingly  trivial,  may  be  the  origiir 

l-marked  diversity  in  physical  and  moral  characters. 

the  ball  with  the  ox,  or  the  predatory  ^^ressive 

with  the   cowardly  vulture.     Nor  are  the  temporary 

itions  to  be  overlooked.     Antoine  Croa  mcntjoua  the 

F  a  patient,  a  young  girl,  suffering  from  congested  liver 

lleen,  which  of  course  alu-red  the  state  of  her  blood, 

for  a  time  modified  her  constitution.     Her  moral 

■  was  greatly  altered  by  it.     She  ceased  to  feel  any 

for  father  or  mother ;  woidd  play  with  her  doll,  but 

1  \k  brought  to  show  any  delight  in  it ;  could  not  be 

out  of  her  apathetic  sadness.     Things  which  previously 

via  bur  shriek  with  laughter,  now  left  her  uninterestol. 

nper  changed,  became  capricious  aud  violent."    Conges- 

tlw  lungs,  if  unaccompanied  by  congestion  of  the  liver, 

produces  such  elTects,  because  not  thus  altering  the 

The  effecu  of   liver  congestioQ  are  familiar.     Cros 

>  case  of  a  magistrate  whose  liver  was  enlarged,  and 

skin  showed  a  markedly  bilious  oitpect,  and  in  whom 

:tion  seemed  to  1m;  dead:  he  did  not  exhibit  any  pcr- 

or  vioUnce,  only  wiuil  of  emotive  reaction.    If  he  went 

theatre  he  could  not  feel  the  i<lightest  pleasure  in  it 

iNmaCKoa:  Im Fmetion*  mpiruura  du  Sytlint  ntnteia,  187$. 
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The  thoughts  of  his  home,  his  absent  wife  and  children,  weie, 
he  declared,  as  unaffecting  to  him  as  a  problem  in  Euclid. 

21.  Owing  to  the  recognised  dependence  of  peculiar  in- 
stincts and  modes  of  reaction  on  peculiarities  of  structoie, 
comparative  anatomists  are  quite  confident,  when  thej  find  a 
portion  of  a  skull  with  two  occipital  condyles,  that  the  animal 
to  which  this  skull  belonged  had  red  blood-corpusdes  without 
nuclei,  and  (if  a  female)  suckled  its  young.     If  in  that  Pig- 
ment of  skull  there  remain  a  single  tooth,  it  will  prove  tbat 
the  animal  was  carnivorous  or  herbivorous,  and  had,  or  had 
not,  retractile  claws.    From  such  data  a  general  condusioa 
may  be  formed  as  to  the  instincts  and  habits  of  the  animal 
The  data  disclose  much  of  the  primary  constitution,  that  is  to 
say,  the  mechanism  which  the  animal  brought  with  it  intothi 
world,  ready  prepared  to  react  in  definite  ways  on  being  stimu- 
lated.   The  connate  mechanism  has  correlative  tendencies 
of  reaction.    Some  of  these  tendencies  are  inevitably  caUei 
into  play  by  external  conditions,  and  they  continue  unaltered 
amid  great  varieties  of  circumstances,  provided  none  of  these 
variations  directly  deprive  them  of  their  appropriate  stimula- 
tion.   Such  tendencies  of  the  connate  mechanism  are  styled 
atttomatic  (an  unfortunate  metaphor,  which  has  led  to  the 
theory  of  Automatism),  and  include,  besides  the  visceral  reac- 
tions, the  more  complex  reactions  of  winking,  breathing,  swal- 
lowing, coughing,  flying,  walking,  &c.    It  is  true  that  we  leain 
to  walk,  and  learn  to  wink,  whereas  the  other  actions  require 
no  tentative  effoi-ts  directed  by  experience ;  but  the  mechan- 
ism of  aU  these  actions  is  already  laid  down  in  the  primary 
constitution,  and  is  inevitably  called  iuto  play. 

22.  The  instincts  also  belong  to  the  connate  mechanism, 
and  in  the  course  of  the  normal  experience  of  the  animal 
inevitably  come  into  play ;  but,  unlike  the  automatic  tenden- 
cies of  breathing,  swallowing,  and  coughing,  they  are  capable 
of  modification,  or  even  suppression,  by  alterations  in  the 
course  of  individual  experience.  The  connate  mechanism  of 
the  cat  determines  its  dread  of  water,  and  its  enmity  to  the 
dog  and  mouse ;  yet  a  cat  will  by  the  modifications  of  certain 
experiences  become  as  ready  as  an  otter  to  take  to  the  water. 
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B  SO  fond  of  a  dog  that  she  will  allow  biro  to  tend 
■X  kiU«n8  ;  and  so  indiQ'ereut  to  the  mouse  tliat  sbe  will 
a  over  ber  body.  All  this  implir's  a  now  ndjustmeul 
vooB  c«Dtres,  with  new  modes  of  reaction  on  sensory 
A :  the  inhorited  mechanism  haa  been  uodiiied,  I 
I  dwell  on  Uie  profound  modifications  which  the 
II  ioherited  mechanism  undergoes  in  the  course  of  expe- 
-bow  social  iofluencee  and  moral  and  religious  teachings 
r  even  suppress,  many  primary  tendencies ;  bo  that 
bits"  become  oi;gani5eil,  and  replace  the  original  teii- 
r  the  organism.  These,  when  organised,  become  the 
godes  of  reaction,  aiid  are  snmetimes  called  second- 
,  Itia  importanttorecognisethisoi^&nisationof 
a  acquisition  of  a  eecondary  or  modified  consti- 
would  explain  psychological  processes  by  pltysio- 
Thus  the  processes  of  Logic  are  Automatic, 
I  to  the  conniUe  primary  meclianism,  and  their 
1  U  inevitable,  invariable.  The  i^Ipmeuts  of  a  judgment, 
•  elements  of  a  perception,  may  vary,  and  we  therefore 
it  one  judgment  is  false,  and  one  perception  incom- 
;  bat  the  judging  process  is  always  the  same,  and  the 
living  proc«M  is  always  the  same.  We  may  breathe  pure 
)  air,  but  the  breattiing  process  is  in  cai^^h  case 
;  and  judgment  is  as  automatic  as  breathing,  not  to 
I,  not  to  be  suppressed.  Again,  the  moral  terror  at 
I  of  any  recognisod  kind  is  ua  automatic  as  the 
ptmwr  at  danger.  The  one  has  its  mots  in  tlie  pri- 
Q  called  love  of  approbation  and  its  correlative 
iprobation :  the  social  instinct.  The  olber  has 
Tm  tbfl  primary  disposition  called  "  instinct  of  selT-pre- 
ion,"  which  is  really  the  reflex  shrinking  from  pain  : 
KphyBtolD(;ical  instinct. 
~ ,  btttidu  the.  connate  and  acquirei)  mccbanism,  we 
r  to  coQsidu  tlie  tem]>orary  and  fluctuating  adjust- 
i  wjiieb  repretent  tiie  statical  condition  of  the  organism 
1.  The  aulomatism  of  the  primary  constitu- 
t  previous  experience  and  conscious  effort  are 
r  will  any  experience  or  any  effort  alter  the 
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uiode  of  reaction.  If  a  strong  light  falls  on  the  eye,  the  itis 
contracts ;  if  the  eyeball  is  dry,  the  eyelid  drops ;  if  sound- 
waves beat  upon  the  tympanum,  the  stapedius  muscle  cod- 
tracts;  if  the  lining  of  the  throat  be  tickled,  the  musdes 
involved  in  coughing  or  in  vomiting  contract.  No  experi- 
ence is  necessaiy  for  these  actions,  some  of  which  are  so 
complicated  that  if  we  had  to  learn  them,  as  we  learn  far 
simpler  actions,  the  organism  would  perish  before  the  power 
was  attained.  Yet  all  of  these  presuppose  a  certain  normal 
state  of  the  mechanism,  any  considerable  variation  in  which 
will  modify  or  suppress  them. 

24.  Secondarily-automatic  actions  are  those  which  have 
been  acquired  through  experiences  that  have  modified  the 
organism,  and  produced  a  new  adjustment  of  parts.    We 
learn  to  shield  the  eyes  against  a  strong  glare  of  light  by 
raising  the  hand ;  by  winking  we  learn  to  shield  the  eye 
against  an  approaching  body ;  we  also  leam  to  turn  the  head 
in  the  direction  of  a  sound,  and  to  thrust  away  with  our 
hands  the  object  that  is  irritating  our  skin.     Experience  has 
been  necessary  for  all  these  actions,  and  has  finally  organised 
the  tendencies  to  perform  them,  so  that  the  reaction  is  in- 
variable, inevitable,  unless  controlled  by  the  wilL    If  yoi 
tickle  my  throat,  I  may,  or  may  not,  push  aside  your  hand; 
but  if  the  inside  of  my  throat  be  tickled,  I  must  cough.   Here 
we  see  the  difference  between  the  automatic  and  secondarily- 
automatic  actions.     The  second  being  due  to  individual  ex- 
perience, are  more  or  less  controllable ;  and  whether  they  are 
or  are  not  controlled  depends  on  the  condition  of  the  nerve- 
centres  at  the  moment.     You  may  tickle  my  throat,  or  irri- 
tate my  skin,  without  causing  any  movement  of  my  hands  to 
thwart  you,  either  because  my  nerve-centres  are  preoccupied 
by  other  stimulations,  and  I  am  not  conscious  of  the  irrita- 
tion, or  because  I  do  not  choose  to  thwart  you. 

25.  It  should  be  added  that  some  secondarily-automatic 
actions  have  becojne  so  firmly  organised  that  we  can  only 
with  great  difficulty  interfere  with  them.  Others  never  enter 
into  consciousness,  and  are  therefore  often  supposed  to  be 
purely  mechanicaL     The  movement  of  the  eye  towards  tlid 
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Vi^blest  light,  aiid  tlie  convergence  of  the  axes  of  both  eyes, 
«fE  reliexea  which,  although  iuvoluntary  and  unconscious,  are 
the  products  of  education.     They  do  not  belong  lo  the  con- 
nate conslitultun,  although  they  are  so  inevitably  acqiiiriM) 
hy  expem-ncit  that  tliey  belong  to  every  normal  child.     At 
Rt  thti  infant  stares  with  a  blank  ^'aze,  and  ita  eyea,  though 
)ving  under  the  stimulus  of  light,  move  incoherently;  tlie 
i  never  converge  except  by  accident.     Very  early,  how- 
i!r,  the  infant's  eyes  ore  oljserved  lo  follow  the  movemeuta 
r  a  brij;;ht  ii^bt ;  and  at  last  they  acquire  so  certain  and 
|>id  a  power  of  adjustmeut  that  the  eyes  shift  from  spot  to 
t,  always  "  fixing"  the  object  by  bringing  the  most  sensi- 
■  part  of  ttie  retina  lo  bear  on  it.     The  incoherent  move- 
i  have  become  precisely-regulated  movements.      It  ia 
B  with  speech.     The  vocal  organs  are  exercised  in  an 
rant   bubble.      l!y  degrees  these   movements  become 
d  so  as  to  TvaiHind  dehnitely  to  delinite  stimuli,  and 
I  an  formed,  then  sentences,  till  finally  fluent  speeeli 
I  a  great  degree  automatic.     The  vocal  muscles 
roBpottd  to  an  auditory  stimulun,  and  the  child  repeats  the 
waid  it  ba«   heard,  just  as  the  eye-muscles  respond  to  a 
retinal  stimulus.     That  we  acquire  the  power  of  converging 
thfl  axe*,  and  iiccominoduliug  the  lens  to  near  objects,  is  not 
"uly  proved  by  ol)eervation  of  infants,  but  also  by  cnaes  of 
.liwaae.     After  the  reflex  mechanism  has  bwn  long  estab- 
lulled,  to  that   it  acts  with   inevitable  iirecision,  a   slight 
pai^yais  of  one  of  the  muscles  has  the  eQ'ect  of  making  all 
abjecta  appear  inadilTeront  position;  the  patient  trying  to 
ich  tui  object,  then  always  moves  his  hand  on  one  side  of 
Von  Graufe  relates  the  case  of  a  stonebreaker  who  alwayn 
t  hifl  hand  with  the  hammer  when  he  tried  to  strike  th« 
Yet  thin  very  man  learned  to  accommodate  his  move- 
It  tfao  new  impressions;  so  that  if  his  paralysis  had 
)d.  his  tDiKlitiiHl  mechanism  would   have  been    ill 
kptvd  lo  the  new  conditions,  and  be  would  once  more  have 
ruck  his  hand  instead  of  the  stone. 

I  Thia  digression  on  the  native  and  ac^quired  dLsiHMitinnM 
irhile  it  bos  brought  into  strou"  light  all 
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that  can  be  oited  in  favour  of  regarding  animal  bodies  *-  — 
loecbanisms,  and  their  actions  as  the  direct  consequences     ^ 
meobanical    adjustments,  has   also   made   conspicuous  tK»« 
radical  difference  between  an  organism  and  a  machina    Wi? 
cannot   too  emphatically  insist  on  this  radical  difference 
Between  the  group  of  conditions  involved  in  the  stracture 
and  action  of  a  machine,  and  the  group  of  conditions  io* 
volved  in  the  structure  and  action  of  an  organism,  there  are 
contrasts  as  broad  as  any  that  can  be  named.    To  overlook 
these  in  taking  account  solely  of  the  conditions  common  to 
both  groups  is  a  serious  error.     On  such  grounds  we  might 
insist  that  a  tiger  is  a  violet,  because  both  are  organisms. 

The  biologist  will  admit  that  an  organism  is  a  mechanism, 
and  (in  so  far  as  its  bodily  structure  is  concerned)  a  material 
mechanism.  All  the  actions  of  this  structure  are  therefore 
mechanical,  in  the  two  senses  of  the  term :  first,  as  being  the 
actions  of  material  adjustments;  secondly,  as  being  more- 
ments,  and  thereby  included  under  the  general  laws  of  motion 
represented  in  Mechanics;  the  abstract  laws  of  movement 
for  an  organic  body  are  not  different  from  the  abstract  lairs 
of  movement  for  an  inorganic  body.  So  far  we  have  been 
considering  the  abstract  relations  only.  No  sooner  do  we 
consider  the  phenomena  as  concrete  wholes,  than  we  find 
great  diversity  in  the  modes  of  production  of  the  movements 
in  organisms  and  machines.  Now  it  is  precisely  the  modes 
of  production  which  have  interest  for  us.  We  never  unde^ 
stand  a  phenomenon  so  as  to  gain  any  practical  control  over 
it,  or  any  theoretical  illumination  from  it,  unless  we  have 
mastered  some  of  its  conditions ;  our  knowledge  of  these  con- 
ditions is  the  measure  of  our  power. 
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CHAIT'ER  III. 

THE   RELATION  OF  BODY   AND  MWa 

27.  The  second  question  proposed  was,  In  what  sense  can 
Feeling  be  correctly  spoken  of  as  an  Agent  in  organic  pro* 
cesses?  This  brings  us  face  to  face  with  a  much-debated 
topic,  tlie  relation  of  IMy  and  Mind ;  and  demands  a  theo- 
retic interpretation  of  that  First  Notion  which  expresses  uni- 
versal experience,  namely,  that  what  I  know  as  Myself  is  a 
Body,  in  one  aspect,  and  a  Soul,  in  the  other.  What  I  call 
my  Bo<ly  is  a  persistent  aggregate  of  objective  phenomena ; 
and  my  Soul  is  a  persistent  aggregate  of  subjective  pheno- 
mena: the  one  is  an  individualised  group  of  experiences 
expressible  in  terms  of  flatter  and  Motion,  and  therefore 
designated  ^yhi/sical;  the  other  an  iiidividualisetl  group  of 
experiences  expressible  in  terms  of  Feeling,  and  therefore 
designated  psychical.  l»ut,  however  contrasted,  they  are  both 
simply  eml)odiments  of  Exi>erience,  that  is  to  say,  are  Modes 
of  Feeling.  All  Existence — as  known  to  us— is  the  Felt.  The 
laws  of  our  organism  com]»el  us,  indeed,  to  postulate  an  Ex- 
istent which  is  extra  menteni — a  Beal  not  Ourselves — but  the 
same  laws  debar  us  from  any  knowledge  whatever  of  what 
this  t>,  or  is  like.  We  know  Things  al>solutely  tn  $ofar  as  they 
t'xist  in  relation  to  us ;  and  that  is  the  only  knowledge  wliich 
can  have  any  possible  significance  for  us. 

28.  It  is  impossible  for  mo  to  doubt  tliat  I  am  a  Body, 
though  I  may  doubt  wbrtlier  what  is  thus  culled  is  anything 
more  than  a  group  of  feelings.  It  is  impossible  for  me  to 
doubt  that  I  am  a  Soul ;  tlniu^^h  I  niav  titaibt  whether  what 
is  thus  called  is  more  than  a  group  of  lN>dily  functions.  In 
separating  what  is  unquitsiionable  from  what  is  ^ucstionabli*. 
we  S4'i>anite  the  fundamental  facts  of  consciousness  from  the 
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tlieoretic  interpretations  of  those  facts:  no  theoretic  inte 
pretation  can  efface  or  alter  the  facts.     Whatever  Philosop 
may  discover,  it  cannot  displace  the  fact  that  I  know  I  am 
Soul,  in  every  sense  in  which  that  phrase  represents  Experience . 
I  know  the  Soul  in  knowing  its  concretes  (feelings),  and  in 
knowing  it  as  an  abstraction  which  condenses  those  concretes 
in  a  symbol      The   secondary   question   is,   Whether  tbi? 
abstraction  represents  one  Existent,  and  the  abstraction  Body 
another  and  wholly  different  Existent,  or  the  two  abstractions 
represent  only  two  different  Aspects  ?  this  may  be  debated, 
and  must  be  answered  according  to  theoretic  probabilities. 

29.  What  are  the  probabilities  ?    We  are  all  agreed  that 
Consciousness  is  the  final  arbiter.     Its  primary  deliverance 
is  simply  that  of  a  radical  distinction.     It  is  silent  on  the 
nature  of  the  distinction — says  nothing  as  to  whether  the 
distinction  is  one  of  agents  or  of  aspects.     It  says,  "  I  am  a 
Soul."    With  equal  clearness  it  says,  "  I  am  a  Body."   It 
does  not  say,  "  I  am  two  things."     Nor  does  the  fact  of  a 
radical  distinction  imply  more  than  a  contrast  of  aspects, 
such  as  that  of  convex  and  concave.     The  curve  has  at  every 
point  this  contrast  of  convex  and  concave,  and  yet  is  the 
identical  line  throughout.     A  mental  process  is  at  every 
point  contrasted  with  the  physical  process  assumed  to  be  its 
correlate ;  and  this  contrast  demands  equivalent  expression 
in  the  terms  of  each.     The   identity  underlying  the  two 
aspects  of  the  curve  is  evident  to  Sense.     The  identity  under- 
lying the  mental  and  physical  process  is  not  evident  to  Sense, 
but  may  be  made  eminently  probable  to  Speculation,  espe- 
cially when  we  have  explained  the  grounds  of  the  difference, 
namely,  that  they  are  apprehended  through  different  modes. 
But  although  I  admit  that  the  conclusion  is  only  one  of  pro- 
bability, it  is  one  which  greatly  transcends  the  probability  of 
any  counter-hypothesis.    Let  us  see  how  this  can  be  made  out* 

•  The  solution  offered  in  the  present  chapter  was  first  offered  in 
Problems  of  Life  and  Mind,  1875,  ii.  457,  sq.  I  mention  this  because 
since  the  publication  of  that  volume  other  writers  have  expressed  the 
same  ideas,  sometimes  using  my  language  and  illustrations  ;  e.^.,  M. 
Taine  in  the  Revue  Philosopltifine,  January  1877,  art. :  Lcs  VibratioiU 
cMbrales  et  la  Pensie, 
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1 30.  Wk  sUirt  from  the  position  that  it  broad  line  of  demar- 
1  must  be  drawn  between  the  mentftl  and  the  pliyaical 
MSfiecl  of  a  process,  supposing  them  to  he  ideuticul  in  reality. 
Nothing  rau  be  more  unlike  a  logical  proposition  than  the 
|>h)-sical  process  which  is  its  correlate ;  so  that  Philosophy  has 
hitherto  Ijeen  forced  to  forego  every  attempt  at  an  explanation 
•if  bow  tlie  two  can  be  causally  connected :  referring  tlie  con- 
nw.liiin  to  a  mystery,  or  invoking  two  different  agents,  spiritual 
ud  material,  moving  ou  parallel  Maes,  like  two  clocks  regulatetl 
to  work  simultaneously.  But  having  recognised  this  differ- 
,  can  wc  not  also  discern  fundnmcntal  resemblances  t 
t  and  foremost,  we  note  tliat  there  is  common  to  both  the 
in  Feeling:  they  are  both  modes  of  Consciousness, 
e  Mind  thinking  the  logical  proposition  is  not,  indeed,  in 
)  ftate  as  tlie  Mind  picturing  the  physical  process 
I  is  the  correlate  of  that  logical  proposition — no  more 
1 1,  who  see  you  move  on  being  struck,  have  the  same 
1  you  who  are  struck.  But  the  Mind  which  pio 
I  the  Ic^cal  proposition  as  a  process,  and  piotnres  the 
rflicol  process  as  a  bodily  change,  is  contemplating  one 
uid  the  same  event  under  ila  subjective  and  objective  aspects; 
jnet  as  when  I  picture  to  myself  the  feelings  you  experience 
OD  bving  struck  I  sepantto  the  subjective  aspect  of  the  blow 
Chnu  it«  objective  aspect.  Secondly,  l>etwecn  the  logical 
proposition  and  the  ph^'sical  process  there  is  a  community 
uf  caosal  dependence,  i.c,  the  mode  of  grouping  of  the  con- 
Mttaent  cIcmoDts,  whereby  this  proposition,  and  not  another, 
1*  the  result  of  this  grouping,  and  not  another.  In  fact,  what 
I  subjective  t«rnii4  is  called  Logic,  in  objective  terms  is 

wiping. 
\  31.  Let  UB  approach  the  question  on  a  more  accessible  side, 
lion  avowedly  lies  at  the  basis  of  mental  manifestations. 
■ow,  rightly  or  wrongly.  Sensation  is  viewed  alternately  as 
ppurvly  Robjectivc  fact — a  psychological  procc«s — and  as  a 
purely  objective  fact — the  physiological  reaction  of  a  evaw' 
QT\giUL  It  is  SO  conspicuously  a  physiologi[:al  process  that 
many  writers  cxclnde  it  from  the  domain  of  Mind,  awign  it 
t  tlie  material  organism,  and  beliovu  that  it  is  explicable  on 
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purely  mechanical  principles.    This  seems  to  me  eminent// 
disputable ;  but  the  point  is  noticed  in  proof  of  the  well- 
marked  objective  character  which  the  phenomenon  assomei 
In  this  aspect  a  sensation  is  simply  the  reaction  of  a  bod3j 
organ.     The  physiologist  describes  how  a  stimulus  exoites 
the  organ,  and  declares  its  reaction  to  be  the  sensation. 
Thus  viewed,  and  expressed  in  terms  of  Matter  and  Motion, 
there  is  absolutely  nothing  of  that  subjective  quality  whid 
characterises  sensation.     Yet  without  this  quality  the  objec- 
tive process  cannot  be  a  sensation.    Exclude  Feeling,  and 
the  excitation  of  the  auditory  oigan  will  no  more  yield  the 
sensation  of  Sound  by  its  reaction,  than  the  strings  and 
sounding-board  of  a  piano  when  the  kejrs   are   struck  will 
yield  music  to  a  deaf  spectator.     Hence  the  natural  inference 
has  been  that  inside  the  organism  there  is  a  Usttntr:  the 
Soul  is  said  to  listen,  transforming  excitation  into  sensation. 
This  inference  only  needs  a  more  systematic  interpretatio& 
and  it  will  represent  the  biological  theory,  which  demands 
something  Tiu/re  than  the  reaction  of  the  sensory  organ-- 
namely,  the  reaction  of  the  whole  organism  through  the  sen* 
sory  organ.     I  mean,  that  no  organ  isolated  from  the  organiam 
is  capable  of  a  physiological  reaction— only  of  a  physico- 
chemical  reaction ;  and  sensation  depends  on  (ii)  the  physio- 
logical reaction.      When  a  sense-organ  is  stimulated,  this 
stimulation  is  a  vital  process,  and  is  raised  out  of  the  class  of 
pliysico-chemical  processes  by  virtue  of  its  being  the  indis^ 
soluble  part  a  of  complex  whole.     Interfere  with  any  one  of 
tlie  co-operant  conditions — withdraw  the  circulation,  check 
respiration,  disturb  secretion — and  the  sense-organ  sinks  from 
the  physiological  to  the  physical  state ;  it  may  then  be  brought 
into  contact  with  its  normal  stimuli,  but  no  stimulation  (in  the 
vital  sense)  will  take  place,  there  will  be  no  vital  reaction. 

Condensing  all  vital  processes  in  the  symbol  Vitality, 
we  may  say  Vitality  is  requisite  for  every  physiological  pro- 
cess. A  parallelism  may  be  noted  on  the  subjective  side: 
nil  the  sentient  processes  may  be  condensed  in  the  one 
symbol  Sensibility  (Feeling),  and  we  must  then  say.  No 
psychological  process  is  possible  as  an  isolated  fact,  but  de- 
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nandB  the  oo-operatMi  of  odktn — h  u  a  ra^^^^inS  of  a!1  ch« 
BoolOBponiiwoQS  oo»i::kMLS  of  Sensibilily  is  ihe  OTvruii^iii. 
[n  ordinacnr  laiKriiaje  ;^  u  vbu  is  meant  br  siring  chat  r.a 
impression  can  bee^jine  a  s^aaahoa  vhhou:  :}ie  int^wntion 
9f  ConscMHuness — an  ambisvuKis  phrase,  becao^e  of  iW 
imbiguitr  of  the  term  Conscioasnesv.  but  the  ]^THse  ex- 
ptceaca  the  faet  that  ia  Sensation  a  pT^cvou  in  the  or^nisai 
is  neeesanr  to  the  reaction  of  the  onran. 

32.  Having  veovniised  the  disunction  Itetween  the  tvo 
processes  objective  and  sabjeetire,  physical  and  mental,  ire 
hare  leoogniaed  the  vanity  aif  attemptini;  to  assi^  their 
limits,  and  to  sav  where  M«>tion  ends  and  Feelin:;  beinns.  or 
how  Feelin«?  a*jain  chan^t-s  into  Miction.     The  one  lU^es 


nei  begin  wiiere  the  other  ends^  Aoconling  to  the  two- 
dock  theory  of  Doalisni,  the  two  mffaii*  move  on  parall«4 
Ijnns  On  the  theory  of  Monism  the  two  atjwrfjt  an' 
khroughoat  opposed.  Botli  theories  explain  the  facta; 
which  explanation  is  the  m^t  congruous  witli  expi'rience  ? 
Against  the  first  we  may  object  that  Uie  hypothesis  of  two 
Agents  utterly  unallied  in  natare  wants  the  cardinal  char- 
iCter  of  a  fertile  hypothesis  in  its  unveriiiableness :  it  may  lie 
tme,  we  can  never  know  that  it  is  true.  By  the  very  termn 
of  its  definition,  tlie  Spirit — if  that  mean  taom  than  an  al>- 
■tract  expression  of  sentient  states — is  beyond  all  sensible 
ezperienoe.  This  is  indeed  admitted  by  tlie  dualists,  for 
they  postidate  a  Spirit  merely  because  they  cannot  otlier- 
wise  explain  the  phenomena  of  Conscionsnoss.  Herein  they 
iail  to  see  that  even  their  postulate  brings  no  explanation,  it 
merely  restates  the  old  prolJem  in  other  terms. 

33.  Up  to  the  present  time  thesis  same  objections  m\)zh\ 
have  been  ur^ed  with  equal  force  agiiinst  Munism.  Indeed, 
although  many  pin'losophers  have  rejoct^Ml  tlie  two-cloi'k 
theory  of  Leibnitz,  tlieyhavo  gained  a  ver\'hositiitini:  norept- 

ance  for  their  own  hvi>othi\siB  of  idcntitv.     To  iui»si  mint  Is 

•it  » 

the  difficulty  of  iniiigining  liow  a  physical  pn)ci*s«  couM  «//**' 
be  a  psychical  process,  a  movement  also  l>e  a  fooling,  seeninl 
not  less  than  that  of  imagining  how  two  such  distinct  AgontH 
as  Matter  and  Mind  could  co-o|K'rate,  and  react  on  oaih 

Y 
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other,  or  move  simultaneously  on  parallel  lines.  Although 
for  many  years  I  have  accepted  the  hypothesis  of  Monism, 
I  have  always  recognised  its  want  of  an  adequate  reply  to 
such  objections.  Unless  I  greatly  deceive  myself,  I  have  now 
found  a  solution  of  the  main  difficulty;  and  found  it  in  psy- 
chological conditions  which  are  perfectly  intelligible.  But 
knowing  how  easily  one  may  deceive  oneself  in  such  mattera, 
I  will  only  ask  the  reader  to  meditate  with  open-mindedness 
the  considerations  now  to  be  laid  before  him,  and  see  if  he 
can  feel  the  same  confidence  in  their  validity. 

34.  One  of  the  early  stages  in  the  development  of  Experi- 
ence is  the  separation  of  Self  from  the  Not-SeK.    I  look  out 
on  "  the  vast  extern  of  tilings,"  and  see  a  great  variety  of 
objects,  included  in  a  visible  hemisphere.    All  these  object* 
in  various  positions,  having  various  forms  and  colours,  I  be- 
lieve to  be  wholly  detached  from,  and  in  every  way  unaflied 
to.  Myself.    And  what  is  that  Self  ?    It  is  my  Body  as  a 
visible  and  tangible  object,  separated  from  all  other  visibk 
and  tangible  objects  by  the  constant  presence  of  feelings  con- 
nected with  it  and  its  movements,  and  not  connected  witii 
the  other  objects.    This  constant  presence  of  feelings  is  re- 
ferred to  a  Soul,  which  I  then  separate  from  my  Body,  as  an 
Inner  Self ;  and  from  this  time  onwards  I  speak  of  the  Body 
as  mine,  and  learn  to  regard  it  in  much  the  same  light  as 
other  outer  objects.     In  my  naive  judgment  the  external 
objects  are  supposed  to  exist  as  I  see  and   touch  them, 
whether  I  or  any  one  else  see  and  touch  them  or  not:  they 
in  no  sense  belong  to  the  series  of  feelings  which  constitote 
the  Me.     And  since  my  Body  resembles  these  objects  in 
visible  and  tangible  qualities,  and  also  in  being  external  to 
my  feelings,  it  also  takes  its  place  in  the  objective  world. 
Thus  arises  the  hypothesis  of  Dualism  which  postulates  a 
Fhysis,  or  object-world,  and  an  ^sthesis,  or  subject- world: 
two  independent  existents,  one  contemplated,  the  other  con- 
templating. 

35.  Philosophy,  as  we  know,  leads  to  a  complete  reversal 
of  this  primitive  conclusion,  and  shows  that  the  contemplated 
is  a  synthesis  of  contemplations,  the  Physis   being  also  the 
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PsyeJioI">yifJil  i n vest ij^al ion  slinws  llinl  llie  objectn 

to  have  forms,  coloiira,  and  posilions  within  an  eX' 

lerc,  have  these  only  in  virtue  of  the  very  feH- 

vUich  lliey  are  aupponod  to  be  separated.     Tlif 

vntTerso  exists  only  as  srm :  ihe  objects  are  ReaU 

by  the  laws  of  Sensibility,     The  space  in  which 

them,  their  geometrical  relations,  the  Ii^jlit  and 
I   which  reveal  them,    the    forms   they   alfect,   tbi- 

their  changing  directions,  the  qualities  which  dis- 
,  thein. — all  these  are  but  the  ox  I  cm  ally-projected 

fe«liii;:s.  Tliey  are  si-jiis  whidi  wc  interpret  acconl- 
l^uiiseil  laws  of  experienco ;  eai^h  sign  being  itself  a 
eonnected  with  other  feelings.  We  project  them  onl- 
Wrding  to  the  "law  of  eccentric  projection" — which 
tbe  expression  of  the  fact  that  one  feeling  is  a  sign  ot* 
Iwr,  uid  is  thfreby  iiUallij  detached  from  it.  Accord- 
this  law  I  say.  "my  Body;"  jnat  ns  I  say,  "tny 
("  or,  "  my  Property."     Misletl  by  this.  Dualism  holds 

the  very  fact  of  detaching  my  Body  from  ray  Self. 
it  laifK,  ia  Uie  revelation  of  a  distinct  entity  within 
Ijr.  But  that  this  is  illusory,  appears  in  the  applica- 
Ihts  same  law  of  eccentric  prtijeirlion  to  sensations  and 
B,  which  are  called  mine,  us  my  legs  and  arms  an- 
If  it  iii  undeniable  tliat  I  say  tnr/  Body — and  thus 
deUch  tlie  liody  from  the  Soul — it  is  equally  unde- 
tbat  I  say  my  Soul:  and  frum  wliat  is  the  Soul 
it  Id  prv»oncc  of  this  difficulty,  the  metaphysician 
fa»  thai  neither  Body  nor  Soul  can  l>e  coextensive 
BMnifettJiUons,  but  demands  a  noumenal  Real  for  each 
Untlum  for  the  bodily  manifeatations,  and  a  mbstra- 
•  the  mental  manifestations,  'lliis,  howcvor.  is  an 
.  not  a  solution  of  the  iliHiculty.  If  wv  poslutat«  an 
n  and  unknowable  noumeuon,  we  gain  no  insiglit: 
I'hilueophy  di-iils  only  with  thp  known  func- 

nnknown  quantities,  ami  tlicrefore  K-aves  the  z  out 
baleulation ;  secondly,  bt^cause,  granting  tho  existence 
noamena,  we  can  have  no  rationut  grounds  for  assert- 
E  they  are  not  of  one  and  the  same  nature;  for  we 
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have  no  grounds  for  any  assertion  whatever  about  them. 
And  if  it  be  urged  against  tliis,  that  Cpnsciousuess  testifies  to 
a  distinction,  I  answer  that  on  a  closer  scrutiny  it  will  be 
found  to  testify  to  nothing  more  than  a  divereity  of  nuiiifei- 
tation.  All  therefore  that  comes  witJiia  the  range  of  know* 
ledge  is,  How  does  this  diversity  arise  ? 

36.  There  are  two  ways,  and  there  are  only  two,  iu  whidi 
differences  arise.    These  are,  i%  the  modes  of  produditm  of 
a  product,  and,  2°,  our  modts  of  <tppreh£ndon  of  the  prodnct 
Things  may  be  very  diiferent,  and  yet  to  our  apprdMittion 
indistinguishable,  so  that  we  regard  them  as  identical ;  and 
they  may  be  identical,  yet  appear  utterly  unlike.    A  mocfct- 
nical  bird  may  seem  so  like  a  living  bird,  and  their  actioni 
BO  indistinguishable  to  the  spectator,  that  he  will  not  suspeet 
a  difference,  or  suspecting  it,  will  not  be  able  to  spediy  it 
Of  both  objects,  so  long  as  his  modes  of  apprehending  then 
ar«  circumscribed,  be  can  only  say  what  these  imply :  he  sees 
familiar  foims,  colours,  and  movements,  which  he  interpietB 
according  to  the  previous  experiences  of  which  these  are  the 
signs.     But  by  varying  tlie  modes  of  apprehension,  and  gaiii- 
ing  thus  a  fuller  knowledge,  he  finds  that  the  two  prodoets 
liave  very  different  modes  of  production ;  hence  he  condodee 
the  products  to  be  different :  the  mechanism  of  the  one  is  not 
the  organism  of  the  other;  the  actions  of  the  mechanical  binl 
are  not  the  actions  of  the  living  bird.    The  fuller  knowledge 
lias  been  gained  by  viewing  the  objects  under  different  rela- 
tions, and  contemplating  them  in  their  modes  of  production^ 
iu)t  as  merely  visible  products.     He  sees  the  mechanism  pe^ 
forming  by  steel  springs,  wlieels,  and  wires,  the  work  which 
the  organism  performs  by  bones,  muscles,  and  nerves ;  and  the 
farther  his  analysis  of  llie  modes  of  production  is  carried,  the 
greater  are  the  differences  which  he  apprehends. 

37.  Now  consider  the  other  side.  One  and  the  same 
object  will  necessarily  present  very  different  aspects  under 
different  subjective  conditions,  since  it  is  these  which  deter- 
mine the  aspect.  The  object  cannot  be  to  Sight  what  it  is 
to  Hearing,  to  Touch  what  it  is  to  SmelL  The  vibrations  of 
a  tumng-fork  are  seen  as  movements,  h«ard  as  sounds.    In 


■t  lanjnilf^  the  vifaralions  an  onid  to  cmse  the  boiukIa. 
id  bjF  tbU,  pliiliMopliers  pii/zlu  tbcmselvoa  ns  to  bow  x 
ffU  process  (vibnUiou)  <aii  tw  tmnsfunned  intu  a  neneai 
m  (Mmnti'tn),  liuv  kurh  n  usiuw  r-As  bftre  su  utterly 
MM  on  eflVict.  But  i  hove  foniicrly*  ar^ietl  at  pone 
Ih  that  tliore  i*  nn  tfaiisformntiflQ  en  caiisnUou  of  tlu 

sqppoud.  Th«  litniDg-fork — or  that  Koal  vhich  in 
ioD  to  Sense  U  the  partictOar  objett  tlins  Kiineit — will, 
W  of  its  modes  of  ftclin^  nn  my  Hensibility  tbiougli  mv 
a]  appomtna,  determine  tlie  response  knonvii  as  vibra- 

;  bat  it  is  nf)t  this  response  of  the  optical  or^n  wludi 
■Oifonmil  into,  or  ratL4i<!i  tlie  respimso  of  the  im<\ilarj 
1,  knows  as  aotiwi.  I'lie  aiidiUiiy  ar;;aQ  knows  iKitfaiii^ 
bHWiuns.  the  optical  notliin^  of  sounds.  The  reaponaea 
Mil  Hadea  of  Fuulhi^  dL't^rtdiosd  liy  orsiuiic  condilioiis, 
Kfttauut  tb»  Iwu  ditlferuiit  relnlrnug  in  whii^h  lliu  IWal 
jpiebended.     The  Keal  u  alteriniC«ly  the  one  and  the 

feAItd  if  the  one  mode  of  Peeling  has  a  pbysicfd  sigiu- 
whito  the  other  has  n  nt'otal  signiQcance,  so  thai  we 
IIm  vibrUiiins  ua  nbji.'ative  fnct«,  IieloDf:iD2  to  the 
world,  mxl  iXtn  sounds  as  Nubjoctive  bui»,  uxt^la- 
f  hrianptng  to  tlie  intenial  world,  this  is  due  to  aeiUia 
halugical  iaftuences  presently  to  be  •>xponnded.  M^.iii- 
■  lit  U  lut  cluirly  in  onr  minds  Uiat  both  viliratioiu 
■Dondi  am  modes  of  Fedin)^.  My  cnimctronsuesB  plainly 
let  ne  that  it  is  I  who  see  the  one,  and  bear  tlic  other ; 
hal  then  are  two  diatinct  subjects  for  tho  two  distinct 
■t  Add  to  which,  numitbld  uocoBtrodicted  experi- 
HvvT*  me  tliU  Die  oocnsiooal  cmisi-  —  the  objuctivo 
P-of  tht>  one  fwlin^.  is  also  Ihv  canse  of  the  uthi^r,  and 
bat  tha  two  fecliu)jK  hnw  two  dilTt^Mit  ocrjuioiiol  antsit^ 
I  both  at  tbcsa  undnniiible  fai:tii  we  mnst  u«clude  thitt 
Bflfafeace  felt  is  sinply  a  diOurencn  of  aajtect,  detenitined 
MM  dillercDce  in  the  modt-'s  of  apprehension. 
k.  twnninj  then  that  11  mental  process  ie  only  anoth<!T 
I  prorcM — am)  this  we  fh.-ill  fiiul  the  more 
-we  have  to  itxplsjii  by  what  riilliwatcMm 
iatf  i*S*  ""^  Miatl,  vol.  ii^  pp.  417  an4  466. 
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these  diametrically  opposite  aspects  are  determined.  From 
all  that  has  just  been  said  we  must  seek  these  in  the  modes 
of  apprehension.  There  can  be  no  doubt  that  we  express  the 
iact  in  very  different  terms ;  the  question  is,  What  do  these 
terms  signify  ?  Why  do  we  express  one  aspect  in  terms  of 
Matter  and  Motion,  assigning  the  process  to  the  objective 
world ;  and  the  other  aspect  in  terms  of  Feeling,  assigning 
the  process  to  the  subjective  world  ? 

Let  the  example  chosen  be  a  logical  process  as  the  mental 
aspect,  and  a  neural  process  as  its  physical  correlate.    The 
particular  proposition  may  be  viewed  logically,  as  a  grouping 
of  experiences,  or  physiologically,  as  a  grouping  of  neural 
tremors.     Here  we  have  the  twofold  aspect  of  one  and  the 
same  reality;  and  these  different  aspects  are  expressed  in 
different  terms.     We  cannot  be  too  rigorous  in  our  separa- 
tion of  the  terms ;  for  every  attentive  student  must  have 
noted  how  frequently  discussions  are  made  turbid  by  the 
unconscious  shifting  of  terms  in  the  course  of  the  argumenta-  • 
tion.     This  is  not  only  the  mistake  of  opponents  who  are 
unaware  of  the  shifting  which  has  occurred  in  each  other's 
minds,  so  that  practically  the  adversaries  do  not  meet  on 
common  ground,  but  cross  and  recross  each  other ;  it  is  also 
the  mistake  of  the  solitary  thinker  losing  himself  in  the 
maze  of  interlacing  conceptions  instead  of  keeping  steadily 
to  one  path.     Only  by  such  sliifting  of  terms  can  the  notion 
of  the  physical  process  causing,  or  being  transformed  into, 
the  mental  process  for  a  moment  gain  credit ;  and  this  also 
•greatly  sustains  the  hypothesis  of  Dualism,  with  its  formi- 
dable objections :     How  can  Matter  think  ?    How  can  Mind 
act  on  Matter  causing  Motion  ? 

39.  Those  who  recognised  that  the  terms  Matter  and 
Mind  were  abstractions  mutually  exclusive,  saw  at  once  that 
these  questions,  instead  of  being  formidable,  were  in  truth 
irrational.  To  ask  if  Matter  could  think,  or  Mind  move 
Matter,  was  a  confusion  of  symbols  equivalent  to  speaking 
of  a  yard  of  Hope,  and  a  ton  of  Terror.  Although  Measure 
and  Weight  are  symbols  of  Feeling,  and  in  this  respect  are 
on  a  par  with  Hope  and  Terror,  yet  because  they  are  objec- 
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tive  symbols  they  cannot  be  applied  to  subjective  states, 
without  violation  of  the  very  significance  they  were  invented 
to  express.  No  one  ever  asks  whether  a  sensation  of  Sound 
can  be  a  sensation  of  Colour ;  nor  whether  Colour  can  move 
a  machine,  although  Heat  can,  yet  the  one  is  no  less  a 
sensation  than  the  otlicr.  On  similar  grounds  no  one  should 
ask  whether  Matter  can  think,  or  Mind  move  Matter.  The 
only  rational  question  is  one  preser\'ing  the  integrity  of  the 
terms,  namely,  whether  the  living,  thinking  organism  presents 
itself  to  apprehension  under  the  twofold  aspect — now  under 
the  mo<les  of  Feeling  classified  as  objective  or  physical ;  now 
under  tlie  modes  chissificd  as  subjective  or  mental. 

40.  We  are  told  that  it  is  "impossible  to  imagine  Matter 
Uiinking,"  wliich  is  verj^  true ;  only  by  a  gross  confusion  of 
tenns  can  Thought  be  called  a  property  of  cerebral  tissue,  or 
of  Matter  at  all.     We  may,  indeed,  penetrate  beneatli  the 
tenas  wliich  relate  to  aspects,  and  recognise  in  the  under- 
lying re.ality  not  two  existences,  but  one.      Our  conceptions 
of  this  reality,  however,  are  expressed  in  symbols  represent- 
ing different  classes  of  feelinj^s,  objective  and  subjective; 
and  to  employ  the  terms  of  one  class  to  designate  tlie  con- 
ceptions of  the  oth(T  is   to  frustrate  the  very  purposes  of 
language,     ifatter  and  Mind,  Object  and  Subject,  arc  ab- 
stractions from  sentient  experiences.     We    know  them  as 
abstractions,  and  know  the  concrete  ex|)eriences  from  which 
they  are  abstracted.     Philosophers,  indeed,  repeatedly  assure 
us  that  we  neither  know  what  Matter  is  nor  what  Mind  is, 
we  only  know  the  jf^ifftojiicnal  products  of  the  action  and  re- 
action of  these  two  unknown  noumena.     Were  this  so,  all 
discussion  would  be  idle ;  we  could  not  say  whether  Matter 
was  or  was  not  capable  of  thinking,  whether  Mind  was  or 
was  not  the  same  as  Matter,  we  could  only  abstain  from 
saying  anything  whatever  on  the  topic.     What  should  we 
reply  to  one  who  asked  us  to  name  the  pnxluct  of  two 
unknown  quantities  ?     So  long  as  x  and  y  are  without  values 
their  product  must  Ihj  without  value.     If  the  value  of  jr  Ihj 
known,  and  that  of  y  unknown,  then  the  product  still  re- 
mains unknown :x  +  y  =  a:-ho  =  x.      Therefore,   unless 
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the  Objeetive  aspect  were  tke  sqwimUent  of  the  Stibjectite 
aspect,  it  could  nerer  be  subjectively  poresent.  Feding  ii 
but  another  aspect  of  the  Felt 

41.  It  is  becanse  we  do  know  what  Matter  is,  tittt  m 
know  it  is  n(^  Mind :  they  are  symbols  of  two  diSenni 
modes  of  FeeHng.    If  we  separate  the  coneeptkn  of  dlneo- 
ship  from  the  eoneeption  of  fatheriiood,  although  the  sane 
man  is  both  citizen  and  father,  how  much  more  deciaiidy 
must  we  separate  the  conception  of  Matter,  wliicfa  repretenlf 
one  group  of  feeliagS)  from  the  conception  of  Mind,  which 
represents  another  ?    One  element  in  the  foormcr  is  comnMB 
to  the  whole  groups  namely,  the  reference  to  a  Not-Self,  in- 
duced by  the  sensatioa  of  Besistsnce,  which  always  ideally 
be  sensibly  accompanies  the  material  class.    The  axion,  I 
feel,  er^  I  exist,  has  its  correlative: — I  act,  ergo  there  ve 
other  existents  on  which  I  a£t ;  and  these  are  not  wbol^ 
Me,  for  they  resist,,  oppose,  exclude  me ;  yet  tliey  are  abo 
one  with  Me,  since  tbey  are  felt  by  ma     In  my  Feeling,  tfaaC 
whicli  is  not  Me  is  Matter,  the  objective  aspect  of  the  Felt, 
at  Mind  is  the  subjective  aspect 

But  since  Hunger  and  Thirst,  Joy  and  Grief,  Pain  iid 
Terror,  are  also  felt,  yet  are  never  classed  under  the  head  oC 
Matter,  the  groundS'  of  the  elassifieatioa  of  feelings  have  to 
be  expressed.    Professor  Bain  makes  the  distiiotetion  between 
Matter  and  Mind  to  rest  solely  on  the  presence  or  absesee 
of  Extension  r  this  is  the  decisive  mark :  Matter  he  defines 
as  the  Extended.    The  definition  is  inadequate.    When  I 
see  a  dog  and  its  image  reiiected  in  a  pool,  or  see  a  dog  SMi 
think  of  another,  in  the  three  cases  dog,  ims^e,  and  idea  have 
Extension  ;  but  I  recognise  the  dog  as  a  material  £ael,  the 
i<ilea  as  a  mental  fact;  and  although  the  image  of  the  dog  hat 
material  conditions  by  which  I  am  optically  afTocted,  j«al 
ms  tlie  idea  has*  material  cerebral  eonditions,  I  recognise  a 
marked  difference  between  them  and  the  dog,,  due  to  the 
different  mod-es  of  apprehension.    The  dog  is  known  as  a 
persistent  reality,  which,  when  Sight  is   supplemented  iy 
Tmich,  will  yield  sensations  of  Sesistance,  and  thus  disdose 
its  materiality.    The  image  vanishes  if  I  attempt  to  loudu  it; 
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llnin  wiiTcr  and  Ixtcone  confosed  «itli  every  dis- 
Uie  sitrface  of  tho  pool ;  the  idea,  vi  nithes  when 
ideii  mritts ;  whence  I  couclude  that,  .leither  lias 
tnaUrial  reality,  becaaee  neitlter  has  tlie  Itesi^tance  whidi 
ctenctoriiKfi  the  Not-Self.  The  itn»^e  and  the  idea  nay  be 
tiiferwd  to  maleriul  conditionfc  but  bo  may  pains,  terrore, 
vglitions,  yet  these  are  all  without  Extension,  simjdy  b«mttse 
TKiial  feplings. 
Matter  <Iom  not  reprosent  all  fceliiigs,  but  only  tb« 
libk-s;  ami  these  are  not  all  characterised  by 
only  those  wliich  directly  or  indirectly  involve 
experiences  aecorajianied  by  niuscular  experi- 
ler  if)  priniarily  the  Visible  and  nenateut;  and 
hatever  can  be  imagined  as  such ;  so  that  ether, 
iM4fcaI«8,  and  atom!),  idthongh  neither  visible  nor  tui^blc, 
an  mnjHI  nirdir  the  hi-tid  of  M:itt(T.  Colour  is  u  feeHni; 
and  Scent  are  ft'elin^,  and  dtliougb  mnteriiil  con- 
iM  an;  e^BniPy  [ircwfpfxwpd  in  all  three,  yet  Colour  alone 
Kxtcasion,  and  K^cnuAe  it  can  be  iiu^td  it  baa  a  more 
oharaeter  than  the  others,  which  himon;  no  linea 
I,  wMt  the  optical  conditiona  for  the  forroaiion  of 
am  leas  delinitoly  connected  with  tactical  and 
experimceB.  Keverthetesa.  since  Sound  and  Scent 
an  obviously  a!(s<iciat«d  with  ohjects  seen  and  tOD<'hed,  they 
Imtc  •  degree  of  materiality  never  nmigned  to  sui:b  fi'eJlRj,'5 
o  nuager  and  Tliintt,  Ileaaure.  Temir,  nnd  Hope. 

43.  When  we  refer  feelings  to  tnaterial  conditiooi,  we 
'  the  tiatnral  tendency  to  traiistiitc  the  little  known  in 
at  Ibe  )ietl<T  known,  nnd  employ  the  Bymbol.*  Matter 
Uotiou,  becam*e  these  fnmisli  tlie  intellect  with  ima;^'cs, 
deflnite  and  exix-t  elements  tt>  operute  with.  Id  hearioi; 
there  i«  nutbin^  at  all  like  "vibrations,"  nothing 
fits  *  Mrria)  waves"  and  "  neurut  pracesti^s,"  given  in  that  leel- 
h*]; ;  tnrt  on  attempting  to  rj-plain  it,  we  Kxaove  it  from  Uie 
wphov  (if  SenaatJOQ  to  carry  it  into  the  sphere  of  Intellect, 
■ndmnoat  change  out  synbuls  in  cbanpn^  our  problem ; 
bfse  oar  only  reeoarce  is  la  translate  the  subjective  ^ote  into 
>n  iwutgimahh  otqvcttve  preccas,  wliidi  can  wdy  be  cxpteucd 
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in  terms  of  Matter  and  Motion.  What  we  heard  as  Sound  is 
then  seen  as  Vibration.  When  we  are  optically  or  mentaDy 
contemplating  vibrations  and  neural  processes,  we  are  sup- 
planting one  source  of  feeling  by  another,  translating  an 
event  in  another  set  of  symbols.  But  we  can  no  more  hear 
the  sound  in  seeing  the  vibrations,  than  a  blind  man  can  see 
the  fly  in  the  amber  which  he  feels  with  his  fingers,  or  than 
we  can  feel  the  amber  he  holds,  while  we  are  only  looking  at 
it.  The  phrase  "  material  conditions  of  Feeling  "  sometimes 
designates  the  objective  aspect  of  the  subjective  process,  and 
sometimes  the  agencies  in  the  external  medium  which  co- 
operate with  the  organism  in  the  production  of  the  feelings. 
In  each  case  there  is  an  attempt  to  explain  a  feeling  by 
intelligible  symbols. 

44.  The  Animal  probably  never  attempts  such  explana- 
tion; satisfied  with  the  facts,  it  is  careless  of  their  factors. 
Man  is  never  satisfied :  is  restless  in  the  search  after  factors; 
and  having  found  them,  seeks  factors  of  these  factors;  so 
that  Lichtenberg  felicitously  calls  him  "  das  rastlose  Ursachen- 
thier "  — "  the  animal  untiring  in  the  search  for  causes." 
And  thus  sciences  arise :  we  translate  experiences  into  geo- 
metrical, physical,  chemical,  physiological,  and  psychological 
terms — different  symbols  of  the  different  modes  of  apprehend- 
ing phenomena. 

45.  "  I  see  an  elephant."     In  other  words,  I  am  affected 
ill  a  certain  way,  and  interpret  my  affection  by  previous  simi- 
hir  experiences,  expressing  these  in  verbal  symbols.     But 
I  want  an  explanation,  and  this  the  philosopher  vouchsafes 
to  me  by  translating  my  affection  into  his  terms.     He  takes 
mo  into  another  sphere — tells  me  of  an  undulating  Ether,  the 
waves  of  which  beat  upon  my  retina — of  lines  of  Light  re- 
iVacted  by  media  and  converged  by  lenses  according  to  geo- 
metric laws — of  the  fonnation  thereby  of  a  tiny  image  of 
the  gigantic   elephant  on   my  retina  as   on    the   plate  of 
a  camera-obscura — this,  and  much  more,  is  what  he  sees  in 
vxy  visual  feeling,  and  he  bids  me  see  it  also.     Grateful  for 
the  novel  instruction,  I  am  compelled  to  say  that  it  does  not 
alter  my  vision  of  the  elephant,  does  not  make  the  fact  a 
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whit  dearer,  does  not  indeed  correspond  with  what  I  feel.  It 
is  outside  knowledge,  valuable,  as  all  knowledge  is,  but  sup- 
plementary. It  is  translation  into  another  language.  And 
when  I  come  to  examine  the  translation,  I  find  it  very  im- 
perfect. I  ask  my  instructor :  Is  it  the  tiny  image  on  my 
retina  which  I  see,  and  not  the  big  elephant  on  the  grass  ? 
And  how  do  I  see  this  retinal  image,  which  you  explain  to 
be  upside  down  ? — how  is  it  carried  from  my  retina  to  my 
mind  ?  I  have  no  consciousness  of  tiny  reversed  image, 
none  of  my  retina,  only  of  a  fact  of  feeling,  which  I  call 
"  seeing  an  elephant."  The  camera-ol)Scura  has  no  such  feel- 
ing— it  reflects  the  image,  it  does  not  see  the  object.  Hero 
my  instructor,  having  reached  the  limit  of  his  science,*  hands 
me  over  to  the  physiologist,  who  will  translate  the  fact  for 
me  in  terms  not  of  Geometry,  but  of  Anatomy  and  Physiology. 
Hie  laws  of  Dioptrics  cease  at  this  point :  the  image  they 
help  to  form  on  the  retina  is  ruthlessly  disj)ersed,  and  all  its 
beautiful  geometric  construction  is  lost  in  a  neural  excita- 
tion, which  is  transmitted  through  semifluid  channels  of  an 
optic  tract  to  a  si^mifluid  ganglion,  whence  a  thrill  is  shot 
through  the  whole  brain,  and  is  there  transformed  into  a 
vi.sual  sensation.  Again  1  fancy  I  have  gainiHl  novol  instruc- 
tion of  a  valuable  kind ;  but  it  does  not  aflect  my  original 
exi>erience  that  I  am  enabled  to  translate  it  into  diflerent 
terms;  the  less  so  Wcause  I  cannot  help  the  conviction  that 
the  translation  is  imi)erfect,  leaving  out  the  essential  |>oints. 
If  a  phrase  l»e  translated  for  me  into  French  or  Gennan, 
I  gain  thereby  an  addition  to  my  linguistic  knowledge,  but 
the  experience  thus  variously  expressed  remains  unaffected. 
When  the  fact  is  expressed  in  geometrical  or  physiological 
terms,  the  psydtical  process  finds  no  adequate  expression. 
Neither  in  the  details,  nor  in  the  totals,  do  I  recognise  any  of 

**^The  retinal  image  \»  the  IoaI  efTect  known  of  the  action  of  objects 
on  UB  ;  what  hapiH'iift  U'voud  the  retina  we  know  not ;  our  knowledge 
of  the  ohjective  pnH'0i&4  has  at  present  here  its  limit." — Ewald 
HeriN'G  :  Jieitrtifje  zur  Ph^fiologie,  1862,  p.  166.  That  is  to  say,  we 
have  a  definite  translntitai  of  the  process  in  }*t*onietnc  terms  as  far  aa 
the  retina,  and  thence  onwarvU  Geometry  fails  us,  and  Neurolo*^  and 
Psychology  ore  invoked. 
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tlie  qualities  of  my  state  of  feeling  in  seeing  the  elephant, 
do  not  see  the  geometrical  proeesif,  I  do  not  see  the  aaaiom — ._ 
eal  mechanism,  I  see  the  elephant,  aztd  am  conscious  only  otr^ 
that  feeling.  Tou  may  consider  my  ofganiam  geometii<^j 
or  anatomically^  and  bring  it  tbtrs  withm  the  circle  of  olj< 
tive  knowledge;  bert  my  subjective  experience,  ray  spirittu 
existence,  that  of  which  I  am  most  deeply  assnred,  demand^^ 
aaiother  expression.  Hay  more,  on  closely  scmtinisir^  yoi 
objective  explanations,  it  is  evident  that  a  psychical  process 
implied  tbronghout — such  terms  as  undulations,  refractions^ 
media,  lenses,  retina,  neural  excitation,  overtly  refer,  indeec^ 
to-  the  material  objective  aspect  of  the  facts,  b>it  they  are 
themselves  the  modes  of  Feeling  by  which  the  facts  are 
apprehended,  and  would  not  exist  ess  such  without  Ae 
"  greeting  of  the  spirrt.* 

46.  What,  then,  is  our  conclusion  ?  It  is,  that  to  make 
an  adequate  explanation  of  psychical  processes  by  material 
conditions  we  must  first  establish  an  equfralence  between 
the  subjective  and  objective  aspects ;  and,  having  tadken  this 
step,  we  must  complete  it  by  showing  wherein  the  difference 
exists;  having  established  tins  identity  and  diversity,  ve 
have  solved  the  problem. 

Let  us  attempt  this  solution.  When  I  speak  to  you,  the 
spoken  words  are  the  same  to  you  and  to  me.  Your  hear 
t\  hat  I  hear,  you  apprehend  what  I  apprehend.  But  there 
were  muscular  movements  of  articulation  felt  by  me  and 
i»mt  felt  by  yow ;  to  feel  these  you  also  must  articulate  the 
words  y  but  so  long  a*  you  merely  hear  the  words,  there  is  a 
difference  in  our  states  of  feeKug.  Some  of  my  movements 
you  can  see,  others  you  can  imagine;  but  this  iB  not  my  feel- 
ing of  them,  it  is  your  optical  equivalent  of  my  muscular 
feeling.  On  a  similar  assumption  of  equivalence,  a  neural 
process  is  made  to  stand  for  a  logical  process.  In  thinkifig 
a  proposition,  we  ai'e  logically  grouping  verbaJ  symbolsr  re- 
presentative of  sensible  experiences;  and  this  ia  a  quite 
peculiar  state  of  Consciousness,  wholly  unlike  what  would 
airise  in  the  mental  or  visual  contemplation  of  the  neural 
grouping,  which  is  its  physiological  equivalent      But  this 
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a  txit  discredit  ihc  idea  of  Llioir  idvjitity;  and 
I  some  of  my  readers  will  prottist  agiiiimt  such  au 
]  will  aiTifiii  that  llie  logical  process  is  out  a  [itoochs 
l  place  in  tiie  or^iuiisni  at  all,  but  in  a  s{ijrit  wliicJi 
I  lite  or'g'auisni  aa  iu  in^Lruiueot,  I  niiist  be  allowod  in 
I  exposition  to  consider  tliu  idcnlily  eataUnlieil,  uiy  pur- 
IB  being  lo  explain  ths  diversity  necessarily  nrcoiupanyiii)' 
XbiTufuru,   I   say,  that  altbouffli   a  luRical   process  is 
nliiuil  vith  a  iii.'ural  process,  it  miiat  ajipcar  differently 
1  tbe  modes  uf  nppr«lieudiug  it  are  differeul.    Wbilu  you 
■  Ibinking  a   Io;;tcal   propoailiou,  grouping  your  verbal 
'    '  ,  I.  who  mentally  aee  the  process,  am  groupijif;  a 
r  diflereut  set  of  symbols  :  to  you  Uie  proposition  is  a 
live  atabo.  t.«,  a  alaie  of  feeling,  not  an  oljcci  of  feeling : 
i  nbjcct,  it  must  be  apprehended  by  objective 
:  and  this  it  cuu  become  to  you  as  to  mc,  when  we 
H  a  process,  or  inmgine  it  ns  a  proocsa.     Hut  obviously 
■ing   or   imagining   tlie  process  must  br 
a  your  etUo  when  the  process  itaeU'  is  passin;;, 
ides  ai  appiuhcDsion  are  au  difTerenL     There  may 
lOti  for  concluding  that  a  logical  process  has  its 
c  physical  process,  Kud  that  the  two  processes  ar« 
)  aspects  of  one  event;  but  l)cciiuso  we  cauuut 
i  tbe  one  aspect  as  we  appreli^nd  the  othiT,  cauiiol 
B  logical  seqneuca  as  wo  ae«  tbe  physical  sequence,  this 
moo  in  our  modes  of  upprLihensioo  compcb  us  to  sepa- 
a  two,  a»siguin^  one  to  the  subjectiw,  the  other  to  thv 
tJvc  class.     iJetween  tbe  sensible  perception  of  an  oliject 
)  reproduced  image  of  the  object  there  is  ciiieSy  ii 
0  dilTcrunou  iu  the  physiological  and  psychological 
s:  tba  Unngo  is  a  IJiUit  sensation.    Yet  this  quaoti- 
brings  wutb  it  the  qualitative  distinction 
>  iudicoled  in  our  calling  the  one  a  scnMition,  tb«4 
a  thought.     The  consequence  has  been  that  while  all 
t  have  admittwl  the  sensation  to  Iw — at  least  partly 
iS  in  thu  bodily  organism,  the  nii\jurity  have  main- 
t  the  tbouglit  1.1  no  such  process  in  the  organiitni, 
A  iu  Mat  iu  a  spirit  indejieiMlent  of  the  organism. 
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47.  The  states  of  Feeling  which  are  associated  with  othc 
states  charactmsed  as  objective  because  overtly  referring 
a  Not-Self,  we  group  under  the  head  of  Matter :  we  assig^j 
material  conditions  as  their  antecedents.     Whereas  states 
of  Feeling  which  are  not  thus  associated  we  group  uncJer 
the  head  of  Mind,  and  assign  internal  conditions  as  their 
antecedents.      Colour  and   Taste   are  very  different  states 
of  Feeling,  yet  both  are  spontaneously  referred  to  external 
causes,  because  they  are  associated  with  visual  and  tactical 
states;  whereas  Hunger,  Nausea,  Hope,  &c.,  have  no  such 
associations,  and  their  material  conditions  are  only  theoreti- 
cally assigned. 

Our  intelligible  universe  is  constructed  out  of  the  elements 
of  Feeling  according  to  certain  classifications,  the  broadest  of 
which  is  that  into  external  and  internal,  object  and  subject 
The  abstractions  Matter  and  Mind  once  formed  and  fixed  in 
representative  symbols,  are  easily  accredited  as  two  different 
Reals.    But  the  separation  is  ideal,  and  is  really  a  distinction 
of  Aspects.     We  know  ourselves  as  Body-Mind ;  we  do  not 
know  ourselves  as  Body  and  Mind,  if  by  that  be  meant  two 
coexistent  independent  Existents ;  and  the  illusion  by  which 
the  two  Aspects  appear  as  two  Reals  may  be  made  intel- 
ligible  by  the  analysis   of  any  ordinary  proposition.    For 
example,  when  we   say  "this   fruit  is  sweet,"  we  express 
facts  of  Feeling — actual  or  anticipated — in  abstract  terms. 
The   concrete   facts   are  these:  a  coloured  feeling,  a  scUd 
feeling,  a  sweet  feeling,  &c.,  have  been  associated  together, 
and  the  coloured,  solid,  sweet  group  is  symbolised  in  the 
abstract  term  "  fruit."     But  the  colour,  solidity,  and  sweet- 
ness are  also  abstract  terms,  representing  feelings  associated 
in  other  groups,  so  that  we  find  "fruit"  which  has  no  "sweet- 
ness;"  and  "sweetness"  in   other  things  besides  "fruits." 
Having  thus  separated   ideally   the  "sweetness"  from  the 
"fruit" — which  in  the  concrete  sweet-fruit  is  not  permissible 
— we  easily  come  to  imagine  a  real  distinction.     This  is  the 
case  with  the  concrete  living  organism  when  we  cease  to 
consider  it  in  its  concrete  reality,  and  fix  our  attention  on  its 
abstract  terms — Body  and  Mind.     We  then  think  of  Body 
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t  from  Miiul,  aiid  Ix^lkve  in  them  as  two  RguIs,  though 

r  exists  apart 

ritera  ia  no  state  of  conscionsnesa  in  wliich  object  and 

ftrject  are  not  indissolubly  combined.     There  ia  no  phyai- 

1  process  which  is  not  indiasolubly  bound  up  with  tho 

liiciil  modes  of  apprehending  it.     Kvi^ry  idea  is  cither 

lage  or  n  symbol  —  It  has  therefore  objective  refor- 

a  inutcriid  aapt-ct.      Every  objiH^t  is  a  synthesis  of 

t — it   has  therefore  subjective   reference,   a  tnatcrial 

Thna  while  all  the  evidence  points  to  the  identity 

ct  and  Subject,  there  is  ample  evidence  for  the  logical 

ty  of  their  ideal  separation  as  Aspects,     Tliis  I  have 

inwl  ns  A  cose  of  tlto  ■^neral  principle  which  determines 

I  distinctions — namely,  the  diversity  in  the  modes  of  pro- 

tluction  of  the  products,  which — subjectively — ia  diversity  in 

the  uuKles  of  apprehending  them.     The  optico-tactical  ex- 

penencea  are  markedly  diJTerent  from  the  other  experiences, 

as  being  moro  diti-etly  referred  U>  the  Not- Self  which  resists ; 

mnd  bccauso  tlivse  lend  themselves  to  ideal  constructions  by 

^^■cuis  of  images  and  symbols,  it  is  these  experiences  into 

^^■bich  we  translate  nil  the  others  when  we  come  to  explain 

^^■em  and  assign   llieir  conditions.      For — and   this  is  the 

^^■Btnl  position  of  our  argument — idl  interpretation  consists 

^^p  tmtsl&ting  one  set  of  feeliniL's  in  the  terms  of  another 

^^Hk^    We  condense  sets  of  fi;olings  in  abstract  symbols;  to 

,      wdentand  these  we   must  reduce  them  to  their  concrete 

tigoifieate*.     They  are  signs ;  we  must  show  what  they  are 

Kit,a»  of. 

Now  tho  symbols  Object  and  Subject  are  the  most  abstract 
we  can  employ.  liecause  they  are  universal,  they  represent 
what  cannot  in  reality  bo  divorced.  We  can,  indeed,  ideally 
•cpemte  ourselves  from  the  Cosmos ;  in  the  same  way  we 
can  ideally  separate  our  inner  Self  or  Soul  from  our  onter  Self 
at  Body;  and  again  our  Soul  from  its  sentii-nt  states,  our 
tiy  ttum  its  physical  changes.  l!ut  not  so  in  reidity.  The 
I  ia  a  logical  artifice,  and  a  logical  noc&tsity  for 

f  Tlui  necvMity  will  be  obvious  to  any  one  who  rctlects  how 
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the  ideal  constructions  of  Science  demand  precision  and 
integrity  of  terms.  The  problem  of  Automatism  brings  ihii 
very  clearly  into  view.  Th-e  question  is,  Can  we  transkte  all 
psychological  phenomena  in  mechanical  terms?  Ifwe(»«, 
we  ought ;  because  these  terms  have  the  immense  advantage 
of  being  eocact,  dealing  as  they  do  with  quantitative  relations. 
But  my  belief  is  that  we  cannot — nay,  that  we  cannot  even 
translate  tliem  all  into  physiological  terms.  The  distinction 
between  quantitative  and  qualitative  knowledge  (p.  314)  is  a 
barrier  against  the  mechanical  interpretation.  Physiology  is 
a  classificatory  science,  not  a  science  of  measurement.  Nor 
can  the  laws  of  Mind  be  deduced  from  physiological  proces8ei» 
unless  supplemented  by  and  interpreted  by  psychical  condi- 
tions individual  and  social 
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CHAPTER  IV. 

G0N8GI0U8NESS  AJiV  UNC0NSGI0USKSS8* 

48.  Science  demands  precision  of  tenns ;  and  in  this  senm 
Condillac  was  justified  in  defining  it,  "une  laru/ue  bicn  faiU." 
The  sciences  of  Measurement  ore  exact  because  of  the  preci- 
sion of  their  terms,  and  are  powerful  because  of  their  exact- 
ness. The  sciences  of  Classification  cannot  aspire  to  this 
precision,  and  therefore,  although  capable  of  attaining  to  a 
fuller  knowledge  of  phenomena  than  can  be  reached  by  their 
rivals,  this  advantage  of  a  wider  range  is  accompanied  by  the 
disadvantiige  of  a  less  ])erfect  exposition  of  results.  While 
physicists  and  chemists  have  only  to  settle  the  significance 
of  the  facts  observed,  biologists  and  social  theorists  have  over 
and  above  this  to  settle  the  significance  of  the  terms  they 
employ  in  expressing  the  facts  observed.  Hence  more  than 
half  their  disputes  are  at  bottom  verbal. 

This  is  markedly  the  case  in  the  question  of  Automatism. 
One  man  dechin's  that  animals  are  automata ;  another  that 
they  are  conscious  automata ;  and  while  it  is  quite  possible 
to  hold  tliese  views  and  not  practically  l>e  in  disagreement 
with  the  views  of  ordinarv  men,  or  indeed  with  the  views  of 
spirituali.^t  and  materialist  philosophers,  we  can  never  be 
sure  that  the  advocates  of  Automatism  do  not  mean  what 
tliey  are  g^Miorally  understood  to  mean.  If  a  man  says  that 
by  an  automatuu  he  does  not  here  moan  a  machine,  such  as 
a  steam-engine  or  a  watch,  but  a  vital  mechanism  which  has 
its  parts  so  adjusted  that  its  actions  resemble  those  of  a 
machine;  and  if  he  ailds  that  this  automaton  is  also  con- 
scious of  some  of  its  actions,  though  unconscious  of  others, 
we  can  only  object  to  his  using  terms  which  have  misleading 

•  Compare  Problem  II,  chap.  4. 
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connotations.  If  he  mean  by  "  conscious  automata,"  that 
animals  are  mechanisms  moved  on  "  purely  mechanical  prin- 
ciples," their  consciousness  having  nothing  whatever  to  do 
with  the  production  of  their  actions,  then  indeed  our  objec- 
tion is  not  only  to  his  use  of  terms,  but  to  his  interpretation 
of  the  facts. 

49.  The  questions  of  fact  are  two :  Are  animal  mechan- 
isms rightfully  classed  beside  machines  ?  and.  Is  consdoiw- 
ness  a  coefficient  in  the  actions  of  animal  mechanism  ?  The 
first  has  already  been  answered ;  the  second  demands  a  prdi- 
minaiy  settlement  of  the  terms  "  conscious,"  "  unconscious," 
"  voluntary,"  and  "  involuntary."     The  aim  of  Physiology  is 
to  ascertain  the  particular  combinations  of  the  elementary 
parts  involved  in  each  particular  function — in  a  word,  the 
mechanism  of  organic  phenomena;  and  the  modem  Beflez 
Theory  is  an  attempt  to  explain  this  mechanism  on  purely 
mechanical  principles,  without  the  co-operation  of  other  prin- 
ciples, especially  those  of  Sensation  and  Volition.     It  is 
greatly  aided  by  the  ambiguity  of  current  terms.    We  are 
accustomed  to  speak  of  certain  actions  as  being  perfonned 
unconsciously  or  involuntarily.    We  are  also  accustomed  to 
say  that  Consciousness  is  necessary  to  transform  an  impres- 
sion into  a  sensation,  and  that  Volition  is  the  equivalent  of 
conscious  effort.     When,  therefore,  unconscious  and  involun- 
tary actions  are  recorded,  they  seem  to  be  actions  of  an 
insentient  mechanism.     The  Eeflex  Theory  once  admitted,  a 
rigorous  logic  could  not  fail  to  extend  it  to  all  animal  actions. 

50.  I  reject  the  Eeflex  Theory,  on  groimds  hereafter  to  be 
urged,  but  at  present  call  attention  to  the  great  ambiguity 
in  the  terms  "  conscious  "  and  "  unconscious."  In  one  senae 
no  definition  of  Consciousness  can  be  satisfactory,  since  ifc 
designates  an  ultimate  fact,  which  cannot  therefore  be  made 
more  intelligible  than  it  is  already.  In  another  sense  no 
definition  is  needed,  since  every  one  knows  what  is  meant  by 
saying,  "  I  am  conscious  of  such  a  change,  or  such  a  move- 
ment." It  is  here  the  equivalent  of  Feeling.  To  be  con- 
scious of  a  change,  is  to  feel  a  change.  If  we  desire  to  express 
it  in  physiological  terms,  we  must  define  Consciousness — 
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ion  of  the  or^nism;"  and  ttits  definition  wc  shnll 

ently  useful,  because  the  oi^anisra  beinj;  a  vital 

D,   nnd   the   integrity   of    tliat    mechanism   being 

f  for  Uie  integrity  of  the  function,  while  evory  vnrin- 

le  HMJchiiniam  will  briog  a  corresponding  variHtion  of 

lion,  i¥e  shall  have  an  objeclive  guide  and  standard 

IK)uiries.      Orgiinisms  greatly  difl'er  in  complexity, 

use  they  also  agree  in   the  cardinal  conditions  of 

among  which  Sensibility  is  ono.  we  conclude  that 

"bave  Feeling ;  but  the  Feeling  of  the  one  will  differ 

t  of  another,  occordiug  lo  tlie  complexity  of  the  sen- 

ihanittm  in  each.     The  jicrfection  of  this  mechfuiism 

e  co-ordination  of  its  parte,  and  tlie  consensus  of  ila 

activities ;  any  disturbance  of  that  consensus  must 

lodiltcation  in  the  total  consciousness ;  and  when  the 

!e  in  profound  the  modificRtion  is  marknl  by  such 

•  insanity,"  "  loss  of  consciousness,"  "  insensibility." 

ns  do  not  imply  that  the  sentient  organs  have  lost 

lihility,  but  only  that  the  disturbed  mechanism  has 

its  normal  conacnsue,  no  longer  ite  normal  state  of 

■Hft    Each  organ  is  nutivc  in  its  own  way  so  long 

^HjfcdMuiism  is  preserved  ;  but  the   united  action 

^Hpitoving  been  disturbed,  their  rrmUlant  function 

■utereiL     Hence  in  a  fit  of  Epilepsy  there  is  a  com- 

■nee  of  some  normal  reactions,  with  exaggeration  of 

In  a  stat«!  of  C'ima  there  is  no  Bpnnton&ity — none  of 

Ifuld  adaptations  of  the  organism  to  fluctuating  excJta- 

temal  and  intenial,  observable  in  the  normal  stAl^-. 

D  still  manifests  Sensibility — but  this  is  so  un- 

tnauifestations  when  its  mechanism  is  undisturbed 

benarily  so   since  the  Sensibility   varies  with   the 

i)  that  it  is  no  longer  called  by  the  same  name. 

Bonnal  organism  Sensibility  menns  Feeling,  or  Con- 

;  but  in  the  abnormal  organism  there  is  said  U> 

m  at  Consciousness."      What  tho   physiologist  or 

ian  means  by  tho  phrase  "  loss  of  Consciousneaa  " 

Igible,  and   for   his  pnrposes  unobjectionable.      Hi! 

waoy  organic  processes  going  on  undisturbed — tb» 


^ 
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unconscious  patient  breathes,  secretes,  moves  his  limbs,  && 
These  processes  are  referred  to  the  ports  of  the  mechanism 
which  are  not  disturbed ;  they  are  obviously  independent  of 
that  adjustment  of  the  mechanism  which  by  its  consenm 
has  the  special  resultant  named  Cionsciousness ;  he  there* 
fore  concludes  that  these,  and  many  other  organic  processor 
which  are  neither  accompanied  nor  followed  by  discrimituUii 
feelings,  are  the  direct  consequences  of  the  stimulated 
mechanism.  He  never  hesitates  to  adopt  the  popular  lan- 
guage, and  say, "  We  sometimes  act  unconsciously,  peroeiTe 
unconsciously,  and  even  think  imconsciously,  all  by  the 
simple  reflex  of  the  mechanism." 

Now  observe  the  opening  for  error  in  this  language.  Ibe 
actions  are  said  to  go  on  unconsciously,  and,  because  uncon- 
sciously, as  pure  reflexes,  which  are  then  assigned  to  an 
insentient  mechanism,  and  likened  to  the  actions  of  madiinei 
But,  as  I  hope  hereafter  to  make  evident,  the  reflex  mechan- 
ism necessarily  involves  Sensibility;  and  therefore  idex 
actions  may  be  unaccompanied  by  Consciousness — in  (me 
meaning  of  that  term — ^without  ceasing  to  be  sentient:  the 
feelings  are  operative,  although  not  discriminated.  On  the 
other  hand,  there  is  another  and  very  general  meaning  of  the 
term  Consciousness,  which  is  the  equivalent  of  Sentience. 

51.  In  discussing  Automatism,  or  the  Reflex  Theory,  it 
is  absolutely  necessary  tliat  we  should  first  settle  the  mean- 
ing we  assign  to  the  term  Consciousness.    The  laxity  with 
which  the  term  is  used  may  be  seen  in  the  enumeration  ocoor 
pying  six  pages  of  Professor  Bain's  account  of  the  various  mean- 
ings.    Psychology  is  often  said  to  be  ''  the  science  of  the 
facts  of  Consciousness ; "  and  the  Brain  is  often  assigned  as 
"  the  organ  of  Consciousness."    Yet  there  are  many  mental 
processes,  and  many  cerebral  processes,  which  are  declared  to 
T>e  unconscious.     Obviously  if  Consciousness  is  the  funcdon 
of  the  Brain,  there  can  be  no  cerebral  activity  which  is  un- 
conscious ;  just  as  there  can  be  no  activity  of  the  lungs  which 
is  not  respiratory.     Usage  therefore  points  to  a  general  and 
a  special  sense  of  the  term.    The  general  usage  identifies  it 
with  Sensibility,  in  its  subjective  aspect  as  Sentience,  including 
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in  pirdiieal  Matcn,  tiuth  thoae  classed  uud«r  Sensfitinii,  and 
IboM  ander  Tboagbt.  These  states  are  tbr  "  facts  or  con- 
•cmnons"  with  which  pByclioIogy  U  occupied.  In  the 
i|)ecul  1ls]^^  it  is  difllinguislipil  rrom  b1)  other  psychical 
■Cstes  by  ■  pcculiitr  roflcclcd  feeling  of  Attentirm,  whereby 
■■  Dot  only  hare  a  sensation,  bat  also/fel  that  we  have  it; 
■«  not  only  lliink.  but  are  conscious  that  we  are  thinking : 
Mt  only  act,  but  arc  conscious  of  what  we  do.  It  is  this 
■hidi  Kant  indicates  when  be  defines  it  "  the  subjective 
Eorm  accompajmn;;  all  our  conceptions  (Begriffe);"  and 
Jtaam  when  ho  defines  it  "  tbe  internal  knowing  of  onr 
ItsowiBf;.  in  in  itself  reflecled  knowing."  * 

GO.  Wo  shall  often  hnve  to  recur  Ui  ibis  general  and  this 
■pieial  mivning,  both  of  which  are  too  firmly  rooted  for  any 
it  attempt  to  displace  thcni.  The  fact  that  some 
processes  and  some  mental  processes  take  place  now 
pnewionsly  and  now  unconsciously,  i.e.,  now  with  the  feeling 
'  UrtUid  attention,  and  now  with  no  such  fueling,  assuredly 
mdf  R  comsponding  exi>n\Mion  ;  nor.  in  spiu?  of  inevit- 
ambi^ities,  is  tbcn»  ground  for  r(^retting  that  tli#! 
pijireanaa  chosen  should  be  only  an  extension  of  the  expres- 
Mon  ifaeauly  adopted  for  all  other  states  of  Renlicnce.  A  sen- 
timt  or  cvnscions  state  can  only  be  a  stale  (tf  the  sentient 
■jtanisni,  iuwlf  tbe  unity  of  many  organs,  each  bavinf;  it« 
lowibnjty.  There  is  more  or  less  consensus,  but  there  is  no 
Mradoctioa  or  a  new  o^ent  within  tliu  organism,  conver^g 
rfaot  wn  phynicol  impression  into  mental  reaction.  Kroin 
bit  to  last  there  has  been  nothing  but  neural  proceases,  and 
umbbutions  of  such  processes — which,  viewed  subjectively, 
■e  sentient  proccssos.  Thus  the  gradations  of  sensitive  re- 
ittioa  are  Sentience,  Conscnticnce,  au<I  Consciousness,  which 
jiM  npn«eDt«d  in  the  Logic  of  Keeling  and  the  Logic  of 
^K    The  familiar  term  ConsiicncH  will  then  represent  the 

^^Ptaa  BewiiHtwarden  Eat  nulits  Andena  «!■  dn  wciler  forti^acfarit- 
ii»Eri«*ww  odw  NcBwankn  d«i  von  KWiMa  luripMiuinniMcn  Wu- 
mm,  *1b  luxrilchM  Wtaen  •tifou  WiHcni  odt-r  ein  in  lich  Nflmtirtn 
fww"     Tl— II  :    VtmA  mtur  WiMoiKhaJtUthm   Stftinduns  der 
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Logic  of  Conduct.  Thus  understood,  we  may  say  that  a 
man  sometimes  acts  unconsciously,  or  thinks  unconsciously, 
although  his  action  and  thought  are  ruled  by  Consentience, 
as  he  sometimes  acts  and  thinks  unconscientiously,  althongli 
he  is  not  without  obedience  to  Conscience  on  other  occaaom 
The  feeling  which  determines  an  action  is  operative,  although 
it  may  not  be  discriminated  from  simultaneous  fedings. 
When  this  is  the  case,  we  say  the  feeling  is  unconscious;  but 
this  no  more  means  that  it  is  a  purely  physical  procea 
taking  place  outside  the  sphere  of  Sentience,  than  the  im- 
moral conduct  of  a  man  would  be  said  to  be  mechanical,  and 
not  the  conduct  of  a  moral  agent.  There  is  undoubtedly  a 
marked  distinction  expressed  in  the  terms  Consciousness  aod 
Unconsciousness,  but  it  is  not  that  of  contrasts  such  ai 
Mental  and  Physical,  it  is  that  of  grades  such  as  light  and 
Darkness.  Just  as  Darkness  is  a  positive  optical  sensation 
very  different  from  mere  privation — just  as  it  replaces  thfl 
sensation  of  Light,  blends  with  it,  struggles  with  it,  and  in 
all  respects  differs  from  the  absence  of  all  optical  sensilH% 
in  the  skin ;  so  Unconsciousness  struggles  with,  blends  w&t 
and  replaces  Consciousness  in  the  organism,  and  is  a  positive 
state  of  the  sentient  organism,  not  to  be  confounded  with  a 
mere  negation  of  Sentience;  above  all,  not  to  be  relegated  to 
merely  mechanical  processes. 

52a.  Bemember  that,  strictly  speaking.  Consciousness  is 
a  psychological  not  a  physiological  term,  and  is  only  used 
in  Physiology  on  the  assumption  that  it  is  the  subjectifB 
equivalent  of  an  objective  process.  To  avoid  the  equivoqw 
of  "unconscious  sensation,"  we  may  substitute  the  tena 
"  unconscious  neural  process ; "  and  as  all  neural  processes 
imply  Sensibility,  which  in  the  subjective  aspect  is  Sentience, 
we  say  that  Sentience  has  various  modes  and  degrees— such 
as  Perception,  Ideation,  Emotion,  Volition,  which  may  be 
conscious,  sub-conscious,  or  unconscious.  When  Leibniti 
referred  to  the  fact  of  "  obscure  ideas,"  and  modem  \mtei8 
expressed  this  fact  as  "  unconscious  cerebration,"  the  fiis^ 
phrase  did  not  imply  a  process  that  was  other  than  mental, 
the  second  phrase  did  not  imply  a  process  that  was  other  than 
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:  both  indicated  a  mode  of  the  proc(?ss  koown 

Conscious uess  under  other  modes.     There  are  difTmnl 

il  elements  grouped  in  Ideation  and  Emotion ;  there  are 

■nt  nenral  elements  grouped  in  Consciousneas,  Sub-con- 

,  and  Unconsciousness;   but  one  tissue  with  one 

Tty  i$  active  in  all. 

.  Tb«  ner^'ous  organism  is  affected  as  a  whole  by  every 
I  of  its  constituent  part3.  Every  excitation,  instead 
iaatiog  with  itself — as  b  the  case  in  most  physical 
r  with  Iho  motor  impulse  it  excites,  is  propa- 
I  tfaronghout  tlie  continuous  tissue,  and  thus  sends  » 
ighoul  Uie  organism.  The  wave  of  excitation  in 
rda  beats  against  variously-grouped  elements — 
1  permanent  centres — disturbing  their  balance 
M,  and  liberating  the  energy  of  some,  increas- 
fbg  the  tension  of  others,  necessarily  affecting  all.  Those 
gRni[a  which  have  their  energy  liberated  set  up  processes 
t  aje  either  liiscriminaUd  as  sensations,  or  are  blended 
It  the  general  stream,  according  to  their  reiative  energy  in 
ifios.  Thus  the  impulse  on  reaching  the  centres 
I,  lungs,  legs,  and  tail  excites  the  innervation  of 
b;  but  ts  these  are  only  parts  of  the  organism, 
)  parts  enter  the  consensus,  and  Consciousness 
tog  resultant  of  this  ever-varying  consensus,  Uie 
I  whiofa  any  ]>articular  stimulus  excites  will  be  uncon- 
1^  sab-conscious,  or  conscious,  in  proportion  to  tbe  ext«nl 
idiaied  disturbance,  which  will  depend  on  the 
Dtions  of  the  centres  at  the  moment.  A  sound 
It  which  excites  emotion,  causes  the  heart  to  beat 
icles  to  quiver,  the  skin-glands  to  pour  forth 
;  yet  this  same  sound  heard  by  another  man, 
I  nan  under  other  conditions,  ph}'sical  or  histori- 
inds  a  faint  thrill,  just  vivid  enough  to  detacli 
latioo  from  the  other  simultaneous  excitations; 
■  sound  may  excite  a  thrill  which  is  so  faint  and 
I  U)  pass  unconsciously.  I'liyaiologicjil  and  psycho- 
lo^eal  inductions  assure  us  that  these  are  only  <li(Ii;rences  of 
The  same  kind  of  physiological  effect  acoomponies  tha 
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conscious  and  xinconscions  state.  Every  sensory  impresBion, 
no  matter  whether  discriminated  or  not«  affects  the  circalatioB 
and  develops  heat.  The  blood-vessels  of  the  part  impfessed 
expand,  vessels  elsewhere  contract — a  change  in  the  blood 
pressure  has  been  effected,  which  of  course  implies  that  tbe 
whole  organism  has  been  affected.  Delicate  instramentB 
show  that  at  the  time  a  sensation  is  produced  the  tempeia- 
ture  of  the  brain  is  raised.  The  same  is  true  of  ideation. 
Mosso  has  invented  a  method  of  registering  the  effect  of 
thought  on  the  circulation.  He  finds  ideation  accompanied 
by  a  contraction  of  the  peripheral  vessels  proportionate  to 
the  d^ree  of  intellectual  effort  A  young  man  tiansktiDg 
Greek  showed  greater  contraction  than  when  he  was  trans- 
lating Latin.  During  sound  sleep — ^when  we  are  said  to  be 
unconscious — sudden  noises  always  cause  contraction  of  the 
peripheral  vessels.  Psychological  observation  assures  ns 
that  the  conscious  and  unconscious  states  were  both  consen- 
tient, and  were  both  operative  in  the  same  d^ree.  Tbe 
absorbed  thinker  threads  his  way  through  crowded  stre^ 
and  is  sub-conscious  and  unconscious  of  die  various  sigbti, 
sounds,  touches,  and  muscular  movements  which  make  up  so 
large  a  portion  of  his  sentient  excitation  at  the  time  -,  yet  bs 
deftly  avoids  obstacles,  hears  the  sound  of  a  hurried  step 
behind  him,  recognises  an  interesting  object  directly  it  pre- 
sents itself,  and  can  even  recall  in  Memory  many  of  the 
uninteresting  objects  which  he  passed  in  sub-conscious  and 
unconscious  indifference. 

54.  On  all  grounds,  therefore,  we  must  say  that  between 
conscious,  sub-conscious,  and  unconscious  states  the  difference 
is  only  of  degree  of  complication  in  the  neural  processes,  which 
by  relative  preponderance  in  the  consensus  determine  a  rela- 
tive discrimination.  We  can  only  discriminate  one  thrill  at 
a  time ;  but  the  neural  excitations  simultaneously  pressing 
towards  a  discharge  are  many;  and  the  conditions  which 
determine  now  this,  and  now  the  other  excitation  to  pre- 
dominate by  its  differential  pressure,  are  far  beyond  any 
mechanical  estimate.  I  mention  this  because  the  advocates 
of  the  Beflex  Theory  maintain  that  the  neural  processes  are 
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whether  a  sensation  be  prnduced  or  not ;  and  that 
e  th«  same  actiona  follow  tlio  eitt^^inial  stimulglion  whether 
]  be  prodaced  or  net,  this  proves  the  actions  to  be 
pvnlj  mechanical.  I  reply,  the  neural  processes  are  not  the 
■kmn  throQgbont  in  the  two  cases — otherwise  the  eBects 
woalc)  be  tlie  same.  You  might  as  vcH  say.  "Since  the 
explcnian  of  the  gun  is  the  same,  whether  shotted  or  not, 
a  blank  cartridge  will  kill,"  but  if  you  tell  me  that  your 
(fan  killed  the  bird.  I  declare  that  the  cartridge  was  not  a 
blank  one.  Whether  the  explosion  of  the  gun  also  produced 
ttrnnr  in  one  bystaudcr,  curioisity  in  a  second,  and  attracted 
tw  DOtke  from  a  third,  will  be  altogether  another  matter. 
In  like  manner  the  sensory  impression  which  determines  a 
moreroent  may  or  tnay  not  be  accompanied  or  followed  by 
Mer  sentient  states ;  the  fact  of  such  movement  is  evidence 
of  its  sentitint  antecedent;  and  an  ext«mal  etimulua  that 
wED  produce  ihia  ncurnl  process,  and  this  consequent  move- 
ment, roust  produce  a  feeling,  although  not  necessarily  a  dis- 
criminated SKnsatioR.  Now  since,  for  discrimination,  otkfr 
nearal  processea  must  co-operate,  we  cannot  say  that  in 
the  two  cases  aii  the  nearal  processes  have  been  the  same 
thrrmghont ;  nor  becansa  of  this  difference  can  we  say  that 
the  process  of  the  undiscriminated  sensation  is  a  mechanical, 
not  a  sratient  proci'ss.  In  the  next  problem  this  point  will 
1w  signed  more  fully. 

66.  The  need  of  recognising  Consciousness  and  Consen- 
tieaee  as  degrees  of  energy  and  complexity  in  sentient  states 
ii  ^ipinnt  when  we  consider  animal  phenomena.  Has  a 
bee  conscionsncfls  7  Has  a  snail  volition  ?  or  are  they  both 
ffHeoUent  mcchanismst  All  inductions  warrant  the  assertion 
that  a  bee  has  thrills  propagat^-d  throughout  its  organism  by 
the  agency  uf  its  nerves ;  and  that  some  of  these  thrills  are 
of  the  kind  called  sensations — evun  discriminated  sensatioiu. 
Nevertbeleis  we  may  rea.sonably  doubt  whether  tlie  bea  has 
i  states  resembhng  otherwise  than  remotely  the  sen- 
,  emotions,  and  thoughts  which  constitute  human 
s,  eitlier  in  the  general  or  the  special  sense  of  that 
The  bee  feels  and  roacts  on  feelings ;  but  its  feelings 
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cannot  closely  resemble  our  own,  because  the  conditiona  ia 
the  two  cases  are  different.  The  bee  may  even  be  said  to 
think  (in  so  far  as  Thought  means  logical  combination  of  feel- 
ings), for  it  appears  to  form  Judgments  in  the  sphere  of  the 
Logic  of  Feeling — to  vorfTCKov ;  although  incapable  of  the 
Logic  of  Signs — to  ScavorjTCKop.  We  should  therefore  say 
the  bee  has  Consentience,  but  not  Consciousness— unless 
we  accept  Consciousness  in  its  general  signification  as  the 
equivalent  of  Sentience.  The  organism  of  the  bee  differs 
from  that  of  a  man,  as  a  mud  hut  from  a  marble  palace. 
But  since  underlying  these  differences  there  are  fundamental 
resemblances,  the  functions  of  the  two  will  be  fundamentally 
alike.  Both  have  the  function  of  Sentience;  as  mud  hut 
and  palace  have  both  the  office  of  sheltering. 

56.  Tlie  question  of  Volition  will  occupy  us  in  the  next 
chapter.     Kestricting  ourselves  here  to  that  of  Consciousness, 
and  recalling  the  distinction  of  the  two  meanings  of  the  term, 
we  now  approach  the  question  of  Unconsciousness.    Are  ve 
to  understand  this  term  as  designating  a  purely  physical  state 
in  contrast  to  the  purely  mental  state  of  Consciousness;  or 
only  as  designating  a  difference  of  degree  ?     This  is  like  ask- 
ing whether  Light  and  Darkness  are  both  optical  feelings,  or 
one  an  optical  feeling  and  the  other  a  physical  process  ?    On 
the  Reflex  Theory,  no  sooner  does  a  vital  and  mental  process 
pass  from  the  daylight  of  Consciousness,  or  twilight  of  Sub- 
consciousness, into  the  darkness  of  Unconsciousness,  than  the 
whole  order  of  phenomena  is  abruptly  changed,  they  cease 
to  be  vital,   mental,   and  lapse  into  physical,  mechanical 
processes.     The  grounds  of  this  conclusion  are,   first,  the 
unpsychological  assumption  that  the  unconscious  state  is  out 
of  the  sphere  of  Sentience ;  and  secondly,  the  unphysiological 
assumption  that  the  Brain  is  the  only  portion  of  the  nervous 
system  which  has  the  property  of  Sensibility.     Restate  the 
conclusion  in  different  terms  and  its  fallacy  emerges:  "organic 
processes  suddenly  cease  to  be  organic,  and  become  purely 
physical  by  a  slight  change  in  their  relative  position  in  the 
consensus  ;  the  organic  process  which  was  a  conscious  sensa- 
tion a  moment  ago,  when  its  energy  was  not  balanced  by 
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aie  olber  process,  suddenly  falls  from  iU  place  in  the  group 

'  oiganic   pbenoincna — sentient  phenomena — to  sink  into 

I  gHHip  of  inorganic  phenomena   now  that  its  ener;gy  is 

inovd."     Consider  the  parallel  case  of  Motion  and  ICest 

I  the  objective  sphere.      They   are  two  functions  of  the 

D-operaot  forces,  one  dynamic,  tlie  other  static ;  although 

Mrkedly  distinguishable  as  functions,  we  know  that  they 

)  simply  the  co-operant  forces  now  unbalanced  and  now 

;  what  we  call  Eest  is  also  a  pnxluct  of  moving 

B8,  each  of  which  is  operant,  and  will  issue  in  a  definite 

Boltiuit  when  its   counter-force  is  removed.     Moliuti   and 

eat  are  correlatives,  and  both  belong  to  the  sphere  of  Kine- 

In  like  manner  ConBciousnesa    and  Unconsciousness 

e  correlatives,  both  belonging  to  the  sphere  of  Sentience." 

hfery  on«  of  the  unconscious  processes  is  operant,  changes 

e  genend  slate  of  the  organism,  and  is  capable  of  at  once 

tuing  iu  a  discriminated  setisitlion   when  the  force  which 

inccs  it  is  disturbed.      I  was  unconscious  of  the  scratch  of 

f  pen  in  writing  the  last  sentence,  but  1  am  distinctly  con- 

E  every  scratch  iu  writing  this  one.     Then,  as  now, 

ing  sound  sent  a  faint  thrill  through  my  organism, 

lativo  intensity  was  too  faint  for  discrimination ; 

1 1  have  redistributed  the  co-operaut  forces,  b;  what 

I  cftlled  an  >cl  of  Att^-ittion,  [  hear  distinctly  every  sound 

B  pen  produces. 

B7.  The  inclusion  of  Sub-consciousness  within  the  sentient 

wro  is  obvious;  the  inclusion  of  Uuconsciousnesa  within 

t  tpbeie  may  be  made  so,  when  we  consider  ita  modes  of 

iducUon,  and  compare  it  with  the  oxtro-sensihlu  conception 

r  molecules  and  atoms.     Tlie  Matter  which  is  sensible  as 

I,  may  be  resolved  into  molccult^s,  which  lie  beyond  the 

diacriminstion  of  svnso;  and  these  again  into  atoms,  which 

ate   purely  ideal   conceptions;  but  because   molecules  are 

yrarrel,  and  atoms  are  tujrpoaed,  to  Imve  material  properties, 

1  c(imni(>ii  Ungiug«  •  atnne  or  a  trrc  is  Mid  to  be  onooMcion*  ; 
I  tliia  i*  ui  ■nthrupoiiiurphic  citciuion  of  th«  ttnii.     In  •trictntM 
«  tiioulil  no  inon  (peak  of  uncnttwiDtuiuwi  ouuide  the  *pb«ra  of  &«■»• 
«  Uuui  «f  darkoMi  ouUid*  Uie  iiihcic  of  Tiaion. 
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and  to  ccmform  to  sensible  canons  of  the  objective  world,  we 
never  hesitate  to  class  them  under  the  head  of  Matter;  nor 
do  we  imagine  that  in  passing  beyond  the  disdimination  of 
Sense  they  lose  their  objective  significance.    They  are  still 
physical,  not  mental  facts.    So  with  Sentience:  we  may 
trace  it  through  infinite  gradations  from  Consciousness  to 
Sub-consciousness,  till  it  fades  away  in  Unconsciousness ;  bat 
from  first  to  last  the  processes  have  been  those  of  a  sentient 
organism ;  and  by  this  are  broadly  distinguished  from  all  pro- 
cesses in  anorganisms.    The  movement  of  a  limb  has  qnite 
dififerent  modes  of  production  from  the  movement  of  a  wheel; 
and  among  its  modes  must  be  included  those  of  Sensibility, 
a  peculiarly  vital  property.     Oxidation  may  be  slow  or  rapid, 
manifesting  itself  as  combustion,  heat,  or  flame,  but  it  is 
always  oxidation — always  a  special  chemical  phenomenon. 
And  so  the  neural  process  of  Sentience,  whether  consdotis, 
sub-conscious,  or  unconscious,  is  always  a  state  of  the  sentient 
organism.    If  a  material  process  does  not  change  its  charac- 
ter, and  become  spiritual,  on  passing  beyond  the  range  of 
sensible  appreciation,  why  should  a  psychical  process  become 
material  on  passing  beyond  the  range  of  discrimination  ?    If 
we  admit  molecules  as  physical  units,  sentient  tremors  are 
psychical  units.    The  extra-sensible  molecules  have  indeed 
their  subjective  aspect,  and  only  enter  perception  through  the 
"  greeting  of  the  spirit."    The  sentient  tremors  have  also  their 
objective  aspect,  and  cannot  come  into  existence  without  the 
neural  tremors,  which  are  their  physical  conditions. 

58.  It  is  only  by  holding  fast  to  such  a  conception  that 
we  can  escape  the  many  difBculties  and  contradictions  pre- 
sented by  unconscious  phenomena,  and  explain  many  physio- 
logical and  psychological  processes.  Descartes — followed  by 
many  philosophers — identified  Consciousness  with  Thought 
To  this  day  we  constantly  hear  that  to  have  a  sensation,  and 
to  be  conscious  of  it,  is  one  and  the  same  state ;  which  is  only 
admissible  on  the  understanding  that  Consciousness  means 
Sentience,  and  Sentience  the  activity  of  the  nervous  system 
viewed  subjectively.  Leibnitz  pointed  out  that  we  have  many 
psychical  states  which  are  unconscious  states — to  have  an 
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k  Biid  be  conscious  or  it,  are,  he  said,  not  one  but  two  states. 
t  Consdoiuness  by  Descartes  erected  into  ao  essential 
idition  of  Thought,  was  hy  Leibnitz  reduced  to  on  accom- 
ttnient  which  not  only  may  be  absent,  but  in  the  vast 
miy  of  coses  is  absent.  Tlie  leaching  of  most  modem 
liologista  is  that  Consciousness  forms  but  a  small  item 
)  tolnl  of  [isycliical  processes.  Unconscious  sensations, 
,  and  judgments  are  made  to  play  a  great  jwrl  in  their 
lations.  It  is  very  certain  that  in  every  conscious  voli- 
■every  act  that  ia  so  characterised — the  larger  part  of  it 
|lut«  unconscious.  It  is  equally  certain  that  in  every  per- 
jdoii  there  are  unconscious  processes  of  reproduction  and 
littnce  —  there  is  much  that  is  ivipticit,  some  of  which 
■ot  be  made  explicit — a  "  middle  distance  "  of  sub-con- 
insneas,  and  a  "background"  of  unconsciousneas.  But, 
kagboat,  the  processes  are  those  of  Sentience. 
Ml  Unconscionsiiess  is  by  some  writers  called  latent  Con- 
puncaa.  Experiences  which  are  no  longer  manifested  are 
■  to  bo  stored  up  in  Memory,  remaining  in  the  Soul's  pic- 
Matlery,  visible  directly  the  shutters  are  opened.  We  ant 
feODScious  of  these  feelings,  yet  they  exist  as  latent  feel- 
L  8ud  become  salient  through  association.  As  a  metapho- 
B  expression  of  the  familiar  facts  of  Memory  this  may 
■:  bat  it  lias  been  converted  from  a  meUphor  into  an 
BbiA  ^'1  ^c  i^re  supposed  to  have  feelings  and  idea*. 
^Rgfcet  we  have  nothing  more  than  a  modified  ditpotitien 
HI  flfgini"" — temporary  or  permanent — which  when  sti- 
wxA  win  respond  in  this  modified  manner.  The  modifi- 
■do  of  the  organism  when  permanent  becomes  hereditary ; 
Ills  rvaponsc  is  then  called  an  inslinctive  or  automatir 
■B.  And  a»  actions  pass  by  degrees  from  conscions  ami 
■Btwy  into  8ub-coit.'M:ious  and  enb-vuluntary,  and  finally 
p  ouironscious  and  involuntary,  we  call  them  volitional. 
ODdartly  autonialic,  and  automatic.  If  anyone  likes  to 
fdie  last  are  due  to  latent  cotuciousncss,  1  shall  not  ob- 
it I  only  point  to  the  fact  that  tlie  dilferoncea  here  speci- 
t  ftro  limply  differences  of  degree — all  the  actiona  are  thosM 
B  sentient  orjnuisui. 
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60.  Picture  to  yourself  this  sentient  organism  incessantly 
stimulated  from  without  and  from  within,  and  adjusting  itself 
in  response  to  such  stimulations.     In  the  blending  of  stimula- 
tions, modifying  and  arresting  each  other,  there  is  a  fluctu- 
ating "  composition  of  forces,"  with  ever-vaiying  resultants. 
Besides  the  stream  of  direct  stimulations,  there  is  a  wider 
stream  of  indirect  or  reproduced  stimulations.      Together 
with  the  present  sensation  there  is  always  a  more  or  less 
complex  group  of  revived  sensations,  the  one  group  of  neural 
tremors  being   organically  stimulated  by  the  other.    An 
isolated  excitation  is  impossible  in   a  continuous  nervous 
tissue ;  an  isolated  feeling  is  impossible  in  the  consensus  or 
unity  of  the  sentient  organism.     The  tenn  Soul  is  the  per- 
sonification of  this  complex  of  present  and  revived  feelings, 
and  is  the  substratum  of  Consciousness  (in  the  general  sense), 
all  the  particular  feelings  being  its  states.     To  repeat  an 
illustration  used  in  my  first  volume,  we  may  compare  Con- 
sciousness to  a  mass  of  stationary  waves.     If  the  surface  of 
a  lake  be  set  in  motion  each  wave  diffuses  itself  over  the 
whole  surface,  and  finally  reaches  the  shores,  whence  it  is 
reflected  back  towards  the  centre  of  the  lake.    This  reflected 
wave  is  met  by  the  fresh  incoming  waves,  there  is  a  blendiiig 
of  the  waves,  and  their  product  is  a  pattern  on  the  surface. 
This  pattern  of  stationary  waves  is  a  fluctuating  pattern, 
because  of  the  incessant  arrival  of  fresh  waves,  incoming 
and  reflected.    Whenever  a  fresh  stream  enters  the  lake  (i.«., 
a  new  sensation  is  excited  from  without),  its  waves  wlQ  at 
first  pass  over  the  pattern,  neither  disturbing  it  nor  being 
disturbed  by  it;  but  after  reaching  the  shore  the  waves  will 
be  reflected  back  towards  the  centre,  and  there  will  more 
or  less  modify  the  pattern. 


CHAPTER  V. 


TOUINTAnY   AND   IXVOLUNTARY  ACTIONS. 


61.  Much  of  wlmt  lias  been  said  in  the  preceding  chapter 
g  the  piissive  aide  of  the  organism  is  equally  appli- 

<  the  active  aide.  Our  actions  are  classed  as  volun- 
d  involuntary  mainly  in  reference  to  their  Wing 
sly  or  unconsciously  performed  ;  but  not  wholly  so, 
B  are  many  involuntary  actions  of  which  we  are  dis- 
I,  and  many  voluntary  actions  of  which  we 
s  sub-conscious  anil  unconscious.  1  do  not  propose 
bero  to  open  the  long  and  arduous  discussion  as  to  what  con- 
•Ulutes  Volition,  my  present  purpose  being  simply  that  of 
nnj;  the  menning  of  terms,  so  that  the  question  of  Aulo- 
isin  may  not  be  complicated  by  their  ambi>!iiiltes, 
■fVoktBtary  "  and  "  involuntary  "  are,  like  "  conscious  "  and 
dous,"  correlative  terms ;  but  commonly,  instead  of 
lerslood  as  indicating  diHeiences  of  degree  in  pheno- 
Kllf  the  same  order,  they  are  supposed  to  indicate  di6er- 
eaeSB  of  kind — a  new  agent,  the  Will,  being  understood  in 
the  one  cast!  to  direct  the  Mechanism  which  sufBces  without 
dimctaon  in  the  other. 

62.  This  interpretation  is  unphysiological  and  unpeycho- 
1c^;wal.  since  it  overlooks  the  fact  that  both  voluntary  and 
inroIaQtary  actions  belong  to  tlie  same  ordtr  of  phcnomcim, 
u..  thoM  of  the  sentient  organism.  Both  involve  the  same 
ffieiemt  cause,  *.<.,  co-o|>crant  conditions.  We  draw  a  lino  of 
desaarcation  between  the  two  abstractions — as  between  all 
alatnctiona — but  the  concrete  proccs.'iea  they  sjTQboline  have 
BO  mch  demarcation.     Just  aa  the  thought  which  at  one 

lent  possea  nnconsciously,  at  another  consciously,  is  in 
t  Uie  same  thought,  and  the  same  neural  process ;  so  ilio 
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action  which  at  one  moment  is  voluntary,  and  at  another 
involuntary,  is  itself  the  same  action,  performed  by  the  same 
mechanism.  The  incitation  which  precedes,  and  the  feeling 
which  accompanies  the  action,  belong  to  the  accessory  me- 
chanisms, and  may  be  replaced  by  other  incitations  and  other 
feelings ;  as  the  fall  of  an  apple  is  tlie  same  events  involving 
the  same  conditions,  i.e.,  efficient  cause,  whether  the  occa- 
sional cause  be  a  gust  of  wind  or  the  gardener's  scissors,  and 
whether  the  fall  be  seen  and  heard  or  not.  I  may  utter 
words  intentionally  and  consciously,  and  I  may  utter  the 
same  words  automatically,  unconsciously;  I  may  winkvolaB- 
tarily,  and  wink  involuntarily.  There  are  terms  to  express 
these  difiTerences ;  but  they  do  not  express  a  difference  in  the 
efficient  agencies. 

63.  Many  writers  seem  to  think  that  the  involimtuy 
actions  belong  to  the  physical  mechanical  order,  because  thqr 
are  not  stimulated  by  cerebral  incitations,  and  cannot  be 
regulated  or  controlled  by  such  incitations — or  as  the  psycho- 
logists would  suy,  because  Cotnsciousness  in  the  form  d  Will 
is  no  agent  prompting  and  r^ulating  such  actions.    Bat 
I  think  this  untenable.    The  actions  cannot  belong  to  the 
mechanical  order  so  long  as  they  are  the  actions  of  a  vital 
mechanism,  and  so  long  as  we  admit  the  broad  distinction 
between  organisms   and  anorganisms.     Whether  they  have 
the  special  character  of  Consciousness  or  not,  they  have  the 
general  character  of  sentient  actions,  being  those  of  a  sentient 
mechanism.     And  this  becomes  the  more  evident  when  we 
consider  the  gradations  of  the  phenomena.     Many,  if  not  all, 
of  those  actions  which  are  classed  under  the  involuntary  were 
originally  of  the  voluntary  class— either  in  the  individual  or 
his  ancestors ;  but  having  become  permanently-organised  dis- 
positions— the  pathways  of  stimulation  and  reaction  having 
been  definitely  established — they  have  lost  that  volitional 
element  (of  hesitation  and  choice)  wliich  imjJies  regulation 
and  control     But  even  here  a  slight  change  in  the  habitual 
conditions  will  introduce  a  disturbance  in  the  process  which 
may  awaken  Consciousness,  and  the  sense  of  effort,  some- 
times even  causing  controL    An  instinctive  or  an  automatic 
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nrtino  m&y  bo  Uiua  changed,  or  nrrcstcd.  Take  as  an  ex- 
ample ona  of  Uio  unequivocally  automatic  actions,  that  of 
ttrtnUhtng.  Il  is  called  antomatic  because,  like  the  actions 
'4  an  automatoD,  it  is  performed  by  a  detinitely-constructed 
■iM-chanism,  always  working  in  the  same  way  when  stimu- 
lolcd  and  left  to  itself,  Tfaero  must  of  course  be  a  sense  of 
fSort  in  every  impulse  whicli  lins  resistance  to  overcome, 
OTi^ana  to  be  moved ;  but  the  mechanism  of  Breathing  is  so 
*l*^lKately  adjusted,  that  the  sense  of  eli'orl  i^  reduced  to  a 
BUQiinQin,  and  we  are  unconscious  of  it,  or  sub-conscious  of  it. 
^cviirtheluss,  without  altering  the  rate  or  amplitude  of  the 
owpinUons  and  expirations,  we  become  distinctly  conscious 
of  tbem,  and,  moreover,  within  certain  limits  we  can  control 
UkeiB,  M  that  the  Breathing  passes  &om  the  involuntary  to 
the  TQluntary  class. 

64.  I'oas  on  to  other  examples.  What  action  can  bo  more 
i>ni>lunUit3'  ^'"^  ^'*'  rhythmic  movements  of  the  heart  and 
tbc  oaotnctions  of  the  iris  ?  Compared  with  the  actions  of 
tlic  tooguo  or  limbs,  these  seem  riveted  by  an  iron  necessity, 
foed  ftom  all  con-iciousness  and  control.  Yet  the  move- 
nula  of  the  heart  arc  not  only  stimulated  by  sensations 
ud  thoughts,  they  are  also  capable  of  being  felt ;  and  the 
R.-iTements  both  of  heart  and  iris  arc  not  wholly  removed 
'r  •«  oar  control.  I'hat  wo  do  not  habitually  control  (that  ia, 
■  iltrferc  irith)  the  action  of  the  heart,  the  contraction  of  the 
uu.OTtbeaclivtty  ofagland,  istrue;  it  is  on  this  account  that 
Rick  Kctioos  are  called  involuntary;  they  obey  the  immediat^i 
■timohu.  But  it  is  an  ern)r  to  assert  that  these  actions 
tmnnU  bo  controlled,  that  they  are  altogether  beyond  the 
inlcrfcrvQce  of  other  centres,  and  cannot  by  any  effort  of  ours 
bo  modified.  It  '\»  an  error  to  Bnppa.-iu  thc^o  actions  aiv 
etaeiUJally  distinguished  from  the  voluntary  movement  of 
the  handsL  We  have  acquireil  a  power  of  definite  direction 
in  the  movements  of  the  hands,  which  rvoders  them  obedient 
to  our  will ;  bat  this  acquisition  has  l>een  of  slow  laborioaa 
growth.  If  wo  were  osketl  to  use  our  toes  as  we  use  our 
fingwa — to  grup,  paint,  sew,  or  write  with  them,  we  should 
find  it  oot  lets  impossible  to  control  the  movemonU  of  tho 
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toes  in  these  directions,  than  to  contract  the  iris,  or  cause  a 
burst  of  perspiration  to  break  forth.  Certain  movements  of 
the  toes  ai*e  possible  to  us ;  but  unless  the  loss  of  our  fingers 
has  made  it  necessary  that  we  should  use  our  toes  id  compli- 
cated and  slowly-acquired  movements,  we  can  do  no  more 
with  them  than  the  young  infant  can  do  with  his  fingets. 
Yet  men  and  women  have  written,  sewed,  and  painted  with 
their  toes.  All  that  is  requisite  is  that  certain  links  should 
be  established  between  sensations  and  movements ;  by  con- 
tinual practice  these  links  are  established ;  and  what  is  im- 
possible to  the  majority  of  men,  becomes  easy  to  the  individual 
who  has  acquired  this  power.  This  same  power  can  be 
acquired  over  what  are  called  the  organic  actions ;  neverthe- 
less the  habitual  needs  of  life  do  not  tend  towards  such 
acquisition,  and  without  some  strong  current  setting  in  that 
direction,  or  some  peculiarity  of  organisation  rendering  it 
easy,  it  is  never  acquired.  In  ordinary  circumstances  the 
number  of  those  who  can  write  with  their  toes  is  extremely 
rare,  the  urgent  necessity  which  would  create  such  a  power 
being  rare ;  and  rare  also  are  the  examples  of  those  who  have 
any  control  over  the  movement  of  the  iris,  or  the  action  of  a 
gland ;  but  both  raiities  exist. 

It  would  be  difficult  to  choose  a  more  striking  example 
of  reflex  action  than  the  contraction  of  the  iris  of  the  eye 
under  the  stimulus  of  light;*  and  to  ordinary  men,  having  no 
link  established  which  would  guide  them,  it  is  utterly  impos- 
sible to  close  the  iris  by  any  effort.  It  would  be  not  less 
impossible  to  the  hungry  child  to  get  on  the  chair  and  reach 
the  food  on  the  table,  until  that  child  had  learned  how  to  do 
so.  Yet  there  are  men  who  have  learned  how  to  contract 
the  iris.  The  celebrated  Fontana  had  this  power;  which  is 
possessed  also  by  a  medical  man  now  living  at  Kilmarnock-^ 
Dr.  Paxton — a  fact  authenticated  by  no  less  a  person  than 
Dr.  Allen  Thomson.t    Dr.  Paxton  can  contract  or  expand 

*  The  contraction  may  be  effected  in  the  eye  out  of  the  organism. 
See  p.  204.     It  is  then  no  reflex. 

t  Olasgow  MtdicalJoumah  1857,  p.  451.  See  aUo  further  on,  note 
to  p.  377. 
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1  )•«  iris  at  will,  without  changing  the  {x>3ttioii  of  his  eye,  nnd 
M'itlioat  ta  effort  of  adapUttioii  to  distuiico. 

To  luuVQ  the  ears  is  impossible  to  most  men.  Yet  some 
do  it  Willi  vEtstf,  (uid  all  could  lenrn  to  do  it.  Some  men  have 
laanwd  to  "ruminaU!"  their  fnod;  others  to  vomit  with 
CMM;  aim)  Bouie  are  said  to  have  the  ]K)WGr  of  jvcTspiriiig  at 
trilL*  Now,  if  once  we  recognise  a  link  of  sensation  and 
aotkn,  we  recognise  a  possible  source  of  control ;  and  if  the 
dnly  needs  of  life  were  such  that  to  fulfil  sume  purposo  the 
■itiiili  of  the  heart  required  control,  we  should  k-arn  to  con- 
trol it  Some  men  hav^,  without  such  necils,  learned  how 
\o  coutrol  it.  The  eminent  physiologist,  E.  ¥.  Weber  of 
l^ripug,  funnd  that  he  could  completely  check  the  lieating  of 
bi«  heart,  liy  suspemling  his  breatli  and  violently  contract- 
ing his  cheat,  he  could  retard  the  pulsations ;  and  after  three 
IV  five  beoU,  unaccompanied  hy  any  of  the  usual  sounds,  it 
WW  completely  still  On  one  occasion  he  carried  thu  experi- 
ui«nt  too  far,  and  fell  into  a  syncope.  Cheyne,  in  iho  last 
'-iiUuy,  recorded  tlie  ca-ie  of  a  patient  of  his  own  who  could 
U  will  lospend  the  beating  of  his  pulse,  and  always  fainted 
wbro  be  did  so. 

65.  It  thus  appears  that  even  the  actions  which  most 
dmincUy  bear  the  cliaractur  nicognisod  as  involuntary — uu- 
ooatroUable — arc  only  so  because  the  ordinary  processes  of 
life  fttrniah  no  ueccanity  for  their  control  We  do  not  learn 
to  ooatrol  them,  though  we  could  do  so,  to  aome  extent; 
Dor  do  we  learn  to  control  the  niutions  of  our  ears,  al- 
thoo^  we  could  do  su.  And  while  it  apjiearB  tliat  the 
tUTtdoiitvy  actions  can  becumo  voluntary,  it  is  familiar  to 
■U  that  the  voluntary  actions  tend,  by  constant  repetition,  to 
twooiM  involuntary.  Tlins  involuntary  actions,  under  ccr- 
uin  limitatiom,  may  be  controlled  ;  on  the  ottier  hand,  tlie 
vuluDtary  are  incapable  of  being  controlled  under  the  urgency 
of  direct  stimulation.     Botli  are  reflexes, 

Inasmoch  as  almost  oil  actions  are  the  products  of  stimu- 
lated nerve  •  cvntrcs,  it  is  obviuus  that  these  actiooa  are 

*  ll«m:  A>  JCIrmctfaimryaRMalim  dt4  Sttlenoriiaitt,  p.  tJ,  i»  tbt 
■Mbority  tot  lfa»  lo*t  lUlcmml. 
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reflex — reflected  from  those  centres.  It  matters  not  whether 
I  wink  because  a  sensation  of  dryness,  or  because  an  idea  of 
danger,  causes  the  eyelid  to  close :  the  act  is  equally  reflex. 
The  nerve-centre  which  supplies  the  eyelid  with  its  nerve 
has  been  stimulated;  the  stimuli  may  be  various,  the  act  is 
uniform.  At  one  time  the  stimulus  is  a  sensation  of  dryness, 
at  another  an  idea  of  danger,  at  another  the  idea  of  commu- 
nicating by  means  of  a  wink  with  some  one  present;  in  each 
case  the  stimidus  is  reflected  in  a  muscular  contraction. 
Sensations  excite  other  sensations;  ideas  excite  other  ideas; 
and  one  of  these  ideas  may  issue  in  an  action  of  control. 
But  the  restraining  power  is  limited,  and  cannot  resist  a 
certain  degree  of  urgency  in  the  original  stimulus.  I  can, 
for  a  time,  restrain  the  act  of  winking,  in  spite  of  the 
sensation  of  dryness ;  but  the  reflex  which  sets  going  this 
restraining  action  will  only  last  a  few  seconds ;  after  which, 
the  urgency  of  the  external  stimulus  is  stronger  than  that 
of  the  reflex  feeling — the  sensation  of  dryness  is  more  im- 
perious than  the  idea  of  resistance — and  the  eyelid  drops. 

If  a  knife  be  brought  near  the  arm  of  a  man  who  has  little 
confidence  in  the  friendly  intentions  of  him  that  holds  it, 
he   shrinks,   and    the    shrinking   is    "involuntary,"  ie.,  in 
spite  of  his  will.     Let>  him  have  confidence,  and  he  does 
not  shrink,  even  when  the  knife  touches  his  skin.    The  idea 
of  danger  is  not  excited  in  the  second  case,  or  if  excited,  is  at 
once  banished  by  another  idea.     Yet  this  very  man,  who  can 
thus  repress  the  involuntary  shrinking  when  the  knife  ap- 
proaches his  arm,  cannot  repress  the  involuntary  winking 
when  the  same  friend  approaches  a  finger  to  his  eye.   In 
vain  he  prepares  himself  to  resist  that  reflex  action ;  in  vain 
he  resolves  to  resist  the  impulse ;  no  sooner  does  the  finger 
approach,  than  down  flashes  the  eyelid.     Many  men,  and 
most  women,  would  be  equally  unable  to  resist  shrinking  on 
the  approach  of  a  knife :  the  association  of  the  idea  of  danger 
with  the  knife  would  bear  down  any  previous  resolution  not 
to   shrink.      It  is  from  this   cause   that  timorous  women 
tremble   at  the   appix)ach   of  firearms.    An    association  is 
established  in  their  minds  which  no  idea  is  powerful  enough 
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to  loosen.  You  may  assure  them  the  gun  is  not  loaded; 
**  that  makes  very  little  difference/*  said  a  naive  old  lady  to  a 
friend  of  mine.  They  tremble,  as  the  child  trembles  when  he 
sees  you  put  on  the  mask.  These  ilhistrations  show  tliat  tlie 
urgency  of  any  one  idea  may,  like  the  urgency  of  a  sensa- 
tion, bear  down  the  resistance  offered  by  some  other  idea ; 
as  the  previous  illustrations  showed  that  an  idea  could  re- 
strain or  control  the  action  which  a  sensation  or  idea  would 
otherwise  have  produced.  Acconling  to  the  doctrines  cur- 
rent, tlie  Will  is  said  to  be  operative  when  an  idea  determines 
an  action ;  and  yet  all  would  agree  that  the  winking  wliich 
was  involuntaiy  when  the  idea  of  danger  determined  it,  was 
voluntar}'  when  the  idea  of  communicating  with  an  accom- 
plice in  some  mystification  determined  it. 

66.  There  is  no  real  and  essential  distinction  between 
voluntary  and  involuntary  actions.  They  all  spring  from 
Sensibility.  They  are  all  determined  by  feeling.  It  is  con- 
venient, for  common  purposes,  to  designate  some  actions  as 
voluntary ;  but  this  is  merely  a  convenience ;  no  psycho- 
logical nor  physiological  insight  is  gained  by  it ;  an  analysis 
of  the  process  discloses  no  clement  in  a  voluntary  action 
which  is  not  to  be  found  in  an  involuntary  action — except  in 
the  origin  or  degree  of  stimulation.  In  ordinary  language 
it  is  convenient  to  mark  a  distinction  between  my  raising 
my  arm  because  I  will  to  raise  it  for  some  definite  pur|>osis 
and  my  raising  it  because  a  bee  has  stung  me ;  it  is  con- 
venient to  say,  "  I  tvill  to  write  this  letter,"  and  **  this  letter 
is  written  against  my  will — 1  have  no  will  in  the  matter." 
But  Science  is  more  exacting  when  it  aims  at  being  exact ; 
and  the  philosopher,  analysing  these  complex  actions,  will 
find  that  in  each  case  certain  muscular  groups  have  l>een 
set  in  action  by  different  sensational  or  ideational  stinuili. 
The  action  itself  is  that  of  a  neuro  -  muscular  mechanism, 
which  mechanism  works  in  the  same  way,  whatever  In;  the 
source  of  the  original  impulse.  The  stimulation  may  Ih; 
incited  directly  from  the  periphery,  or  indirectly  from  a  re- 
mote centre ;  and  the  action  may  Ihj  arrested  by  a  i>eripheml 
or  central  stimuli^tion :  the  reflex  which  ordinarily  follows 
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the  excitation  of  a  sensory  nerve  will  be  modified,  or  arrested, 
if  some  other  nerve  be  at  the  same  time  stimulated.  (See  Law 
of  Arrest,  Prdb,  II.  §  igo.) 

67  All  actions  ai-e  reflex,  all  are  the  operations  of  a 
mechanism,  all  are  sentient,  because  the  mechanism  has 
Sensibility  as  its  vital  property.  In  thus  preserving  the 
integrity  of  the  order  of  vital  phenomena,  and  keeping  them 
classified  apart  from  physical  and  chemical  phenomena,  ve 
by  no  means  set  aside  the  useful  distinctions  expressed  in 
the  terms  voluntary  and  involuntary ;  any  more  than  ve  set 
aside  the  distinction  of  vertebrate  and  invertebrate  when 
both  are  classed  under  Animal,  and  separated  from  Plant,  or 
Planet. 

The  mechanisms  of  the  special  Senses  respond  in  special 
reactions ;  the  mechanisms  of  special  actions  have  also  their 
several  responses.      The  tail  responds  to  stimulation  with 
lateral  movements,  the  chest  with  inspiration  and  expiration, 
and  so  on.     These  responses  are  called  automatic,  and  have 
this  in  common  with  the  actions  of  automata  that  they  aie 
uniform,  and  do  not  need  the  co-operation  of  Conscionsness, 
though  they  do  need  the  operation  of  Sensibility,  and  are 
thereby  distinguished  from  the  actions  of  automata.   The 
facial  muscles,  and  the  limbs,  also  respond  to  stimulation  in 
uniform  ways,  but  owing  to  the  varieties  of  stimulation  tie 
actions  are  more  variable,  and  have  more  the  character  of 
volitional  movements.    With  this  greater  freedom  of  possible 
action  comes  the  eminently  mental  character  of  choiu.   In 
the  cerebral  rehearsal  of  an  act  not  yet  performed — ^its  mental 
prevision — as  when  we  intend  to  do  something,  yet  for  the 
moment  arrest  the  act,  so  that  there  is  only  a  nascent  excita- 
tion of  the  motor  process,  there  is  a  peculiar  state  of  Con- 
sciousness expressive  of  this  state  of  the  mechanism :  we  call 
the  prevision  a  motive — and  it  becomes  a  motor  when  the 
intention  is  realised,  the  nascent  excitation  becomes  an  un- 
checked impulse.    The  abstract  of  all  motives  we  call  Will 
A  motive  is  a  volition  in  the  sphere  of  the  Intellect.     In  the 
sphere  of  Emotion  it  is  a  motor.     Hence  we  never  speak  of 
the  Will  of  a  mollusc,  or  the  motives  of  an  insect,  only  of 
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I  and  motors.     Yet  it  is  obvious  tliat  tlie 

[  in  operation  wlien  a  siuiil  shrinka  at  the  approacli 

1  object  ia  essentially  similar  to  the  reflex  in  opera- 

I  Uie  baby  slirinks,  nnd   this  again  is  still  moru 

r  to  that  in  openition  when  the  boy  shrinks :  the  boy 

)  i<!ea  of  danger,  wliicb  neither  bnby  nor  sriiiil  can 

;  tlie  idea  is  a  motive,  whicb  can  be  controlled  by 

iridea ;  the  baby  and  the  snatl  i^an  have  no  such  motive, 

•>*>  lucfa  control — art  lliey  therefore  automata  f 

68.  If  I  sec  that  a  donkey  has  wandered  into  my  garden, 
tliQ  mutive  which  dctcmiiucs  me  to  take  a  stick  and  with  it 
driTe  the  donkey  away  is  a  cerebral  rehearsal  of  the  efiecu 
*hich  will  follow  my  act.  The  sight  of  the  donkey  liiu 
Tiuwd  disagreeable  feelings,  and  these  suggest  possible  means 
of  allariation;  out  of  these  possibilities  —  reproductions  of 
fotiner  experiences — I  choose  one.  But  if  I  seize  the  stick 
*iUi  which  some  one  is  threatening  me,  I  do  not  pause  to 
cbooso,  I  aoatch  automatically  without  hesitation.  Yet  this 
Qnrofleotjng  automatic  net  is  itself  as  truly  voUtioool  ns  my 
acjdng  the  stick  to  drive  away  the  donkey — it  is  the  motor 
\rlucb  baa  been  organised  in  me  by  previous  experiences — it 
in  tlie  consequence  of  an  emolion,  not  of  a  deliberation;  and 
it  baa  not  Inen  dctemiiiied  by  any  clear  prevision  of  conse- 
qttenca.  Feeling  inspires,  anil  ft-eling  guides  my  move- 
maoU,  so  tliat  if  my  snatch  has  missed  the  stick,  I  snatch 
■gaio,  or  dock  under.  This  ts  the  kind  of  Volition  we  as- 
eribe  to  animals.  It  is  a  great  part  of  our  ovrn.  By  insen- 
nble  degroos,  acts  which  originally  wore  prompted  by  motivi-s 
•ink  into  the  nutomnlic  chiss  prompted  by  motors.  When 
an  angry  man  snatches  up  a  knife,  dofls  bystandura  aside, 
and  rushes  on  his  enemy  to  stab  him,  ho  does  not  distinctly 
preAgnre  tlie  final  result,  ho  only  obeys  e.ach  motor,  and  u 
consdotis  of  each  step ;  but  had  he  planned  the  murder  he 
would  have  forest-en  llic  end,  and  this  prisvision  would  hav« 
beeo  the  motive.  The  angiy  man  is  struck  with  honor  at 
the  aight  of  the  bleeding  corpse,  and  passionately  declares  ha 
did  not  mran  to  kill.  Xor  did  he  will  the  consequences  ol 
bia  act,  yet  be  certainly  willed  each  s<?parate  stei' — he  recog- 
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nised  the  knife,  saw  the  bystanders,  knew  they  would  irktep- 
fere  with  him,  willed  to  push  them  aside.     He  may  be  right 
in  declaring  that  the  act  was  involuntary ;  but  assuredl/A 
was  not  purely  mechanical. 

69.  Again :  We  are  not  conscious  of  the  separate  sensa- 
tions which  guide  speech  or  writing ;  we  cannot  properly  be 
said  to  will  the  utterance  of  each  tone,  or  the  formation  of 
each  letter.    Are  these  processes  mechanical  and  not  voli- 
tional ?     By  no  means.    We  know  that  they  were  laboriously 
learned  by  long  tentative  efforts,  each  of  which  was  accom- 
panied by  distinct  consciousness.     We  also  know  that  now 
when  the  mechanism  is  so  easy  in  its  adjustment  as  to  sug- 
gest automatism,  there  needs  but  a  slight  alteration  in  the  con- 
ditions to  make  us  distinctly  conscious  of  the  processes— the 
wrong  word  spoken,  or  one  letter  ill  formed,  suffices  to  arrest 
the  easy  working  of  the  mechanism.    A  similar  mechanism 
operates  in  thinking,  which  also  lapses  from  the  conscious 
and  voluntary  to  the  unconscious  and  involuntary  state.   The 
logical  process  of  Judgment  is  as  purely  a  reflex  from  one 
neural  group  to  another,  as  the  physiological  process  of  co- 
ordination.    In  ordinary  thinking  we  are  as  little  conscious 
of  the  particular  steps — our  interest  being  concentrated  on 
the  result — as  we  are  of  the  particular  stages  of  an  action. 
The  adjustments  of  the  mechanism  of  Eeproduction  and  Asso- 
ciation are  set  going  by  a  motive,  and  kept  going  by  psycho- 
logical motors.   And  here — as  in  bodily  actions — there  is  often 
a  conflict  between  motive  and  motors — between  the  foreseen 
result,  and  the  available  means  of  reaching  it — the  motors 
usually  prevailing  because  they  represent  the  active  side  of 
the  mechanism.     Thus  when  an  oculist  wishes  to  examine  a 
patient's  eye,  he  does  not  t^U  him  to  give  a  particular  direo 
tion  to  his  eye,  knowing  that  the  motive  to  do  so  will  not 
suffice ;  instead  of  this  he  simply  moves  his  own  hand  in  the 
desired  direction,  certain  that  the  eye  will  by  reflex  irresist- 
ibly follow  it.     Nay,  there  are  sometimes  such  anomalies  of 
innervation  that  the  eye  instead  of  obeying  the  motive,  moves 
in  a  contrary  direction.     Meschede  mentions  a  patient  whose 
movements  were  mostly  of  this  anomalous  kind :  when  he 
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V'illed  to  move  tbe  eyes  lo  the  riglit,  they  moved  to  tlte  left ; 
when  bo  willed  to  move  tlicm  up.  they  moved  down.  It  waa 
'tat  also  with  liis  hands  and  feet.  W't  he  was  distinctly 
"nicioas  that  IiU  intention  had  been  fnistrntcd,  and  that  he 
Litd  "because  be  could  not  help  it,"*  How  insensibly  a 
I  'lodre  sinks  into  a  motor,  that  is  to  say,  a  voluntary  into  an 
■  ;iro]untat7  act,  maybe  recogmsed  in  speech, \n-itiug, singing, 
'■'■didng,  &C.,  and  in  the  incessant  movements  of  the  eye  in 
-  \iiig  ubjecta.  Auberl  has  well  remarked  that  we  only  give 
''^nil6  movements  to  the  eye  when  we  nish  to  see  an  object 
t^iitinctly.  Whenever  the  indistinct  vision  suffices — as  in 
walking  tbrougli  the  streets  occupied  in  conversation  or 
tlkoogbt — we  make  no  such  movements ;  but  no  sooner  does 
jajr  object  excite  our  attention,  than  tlie  elfort  to  fix  that 
at  once  excites  the  necessary  reflex.f 
70.  Bj  the  Will,  theii,  we  must  understand  the  abstract 
poenliscd  expression  of  the  impulses  which  determine 
kUooi,  vfacn  those  impulses  Iiavu  uii  ideal  origin  ;  by  VoU- 
ikm  the  Btill  more  generalised  expre^isiou  of  nil  impulses 
vhioh  determine  actions.  The  one  class  is  that  of  motitvs 
•  JUgmhrn  ZtiUrhTJJtfSt  I'tychJaXrit,  Bibji.p.  71 1. 
tACBCBT:  OrunihUg*dtr  pkgtiol.  OplU;  1876,  p.  633.  "  The  acconi- 
ttodMiva  BKivciiiant  of  the  ejie  ia  to  l>«  conBidere<l  voluntary.  It  U 
trm»  wc  eonlnct  tbe  pupil  witliout  beinjj  coii»cioi»  of  the  coTitrociion  of 
liiBW  ■!■!  Klna,  but  Aii  Aoldt  gooJ  for  tvery  volvntarj/ movement,  Wliiui 
a  pcnMI  ndM*  tbe  tone  of  hia  voice  be  is  iiol  conscious  tlmt  hj  tiiiEu 
nUar  coatnetion  he  makM  hia  ebotdn  vuculea  mure  l«iiRe ;  lie  attaiiis 
1m  object  vitliout  being  *vmra  of  llic  menni  lif  wbidi  he  dvci  ki.  Tbo 
aaw  it  i^ticable  lo  occonunodiLtion  for  n*at  obji^cta  and  to  tlic  cotilmc- 
tkn  of  the  pupil  accumpanjinii  it  The  Tact  tbat  (Kit  tatt  i*  only  un 
atmfialad  morematt  dot*  not  dfprive  ii  0/  ill  voluntary  tkartKltr,  for 
lb«n  U  pcriiapa  nu  aiti^'le  tuuacle  wlijuh  eui  cniitnet  entitvlj  lij  itwlf." 
IMiDna:  OntAtAn'>malKti>fAceommoJatimi,iS64,p.i74.  Pioteisor 
Bos  of  Bonn  hw  tbi!  »r«  pair«r  ot  coiitractin)-  or  diUling  the  pnpU* 
•duacycat  will  ;  liirn  ideaa  act  as  iiiulon.  When  he  tbiukt  of  a  very 
d0k  ap*M  tbe  pupil  •iiUlci,  vhen  of  a  very  briKlil  *pot  tlio  pupil  coo- 
Oaatfc  (Kdslk:  7^  Human  J/ind,  iSjS.p  134)  1  belicrB  this  to  W 
only  an  da^uratcil  furui  of  the  uuriuul  leuileticy.  In  all  of  ua  tlie 
■^rhinimi  ia  to  diipowd  that  tbu  feuliii;^  of  dilatation  ore  aaBoclatHl 
«itk  betlni^  (and  conaniucntly  ideas)  of  darknrM :  aud  by  thii  auo- 
ciotioM  a  rerenol  of  tbe  proct-M  obtain*,  *o  that  tbe  iJea  of  dsrkuc«s 
call*  B|i  Uw  licaliii]]  it  >yinbobM«. 
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with  ideal  elements ;  the  other  that  of  mo^f?rs  with  sensational 
or  emotional  elements.      But  both  are  mental  states,  both 
are  neural    processes  in  a  sentient  organism ;    neither  is 
mechanical,  except  in  so  far  as  all  actions  are  expressible  in 
mechanical  terms.    For  convenience  we  class  actions  as  reflex, 
automatic,  involuntary,  unconscious,  voluntary,  and  conscious. 
If  we  separate  the  reflex  from  the  voluntary,  we  need  not 
therefore  dissociate  the  former  from  Sensibility ;  and  the 
reason  why  we  ought  not  to  separate  it  is  that  we  know  it  to 
be  sense-guided  from  first  to  last,  although  the  sensations 
may  escape  discrimination.     The  feeling  of  Effort,  which  was 
formerly  felt  when  an  action  was    performed,   may  have 
become    so    minimised   that  it  is  too  faint  for  more  than 
a  momentary  consciousness,  too  evanescent  for  the  memoiy 
to  retain  it ;  yet  the  feeling  must  always  be  operant  when 
its  mechanism    is    in    action.      The    ease  with  which  die 
mechanism  works  does  not  change  the  adjustment  of  its 
elements,  nor  alter  its  character.      The  facile  imobtrusive 
performance  of  a  vital  function  does  not  change  it  from  a 
vital  to  a  mechanical  act.    Mr.  Spencer  seems  to  me  to  ex- 
press himself  ambiguously  when  he  says:  "  Just  as  any  set  of 
psycliical  changes  originally  displaying  Memory,  Beason,  and 
Feeling  cease  to  be  conscious,  rational,  and  emotional  as  fast 
as  tliey  by  repetition  grow  closely  organised,  so  do  they  at 
the  same  time  pass  beyond  the  sphere  of  Volition.     Memory, 
Reason,  Feeling,  and  Will  disappear  in  proportion  as  psy- 
chical changes  become  automatic  "  * — ^for  while  it  is  perfectly 
true  that  we  only    call  those   psychical  changes  "automa- 
tic" which  have  lost  the  special  qualities  called  "conscious, 
rational,  and  emotional,"  it  is  not  less  true  that  they  remain 
from  first  to  last  psychical  changes,  and  are  thereby  dis- 
tinguished from  physical  changes.     To  suppose  that  they  pass 
from  the  psychical  to  the  physical  by  frequent  repetition 
would  lead  to  the  monstrous  conclusion  that  when  a  natu- 
ralist has  by  laborious  study  become  so  familiarised  with 
the  sjMicific  marks  of  an  animal  or  plant  that  he  can  recog- 
nise at  a  glance  a  particular  species,  or  recognise  from  a 
•  Spexcer  :  Pt-inciples  of  Psifchology,  i  4991 
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single  character  the  nature  of  the  rest,  the  rapidity  and  cer- 
tainty of  this  judgment  proves  it  to  be  a  mechanical,  not  a 
mental  act.  The  intnition  with  which  a  mathematician  sees 
the  solution  of  a  problem  would  then  be  a  meclianical  pro- 
cess, while  the  slow  and  bungling  hesitation  of  the  tyro  in 
presence  of  tlic  same  problem  would  be  a  mental  process :  the 
perfection  of  the  organism  would  thus  result  in  its  degrada- 
tion to  the  level  of  a  machine ! 

Tlie  operations  of  the  intellect  may  furnish  us  with  an 
illustration.  Ideas  are  symbols  of  sensations.  The  idea  of  a 
horse  is  an  abstraction  easily  traceable  to  concrete  sensatioa% 
yet  as  an  abstraction  is  so  diflerent  a  state  of  feeling  that  we 
only  identify  it  with  its  concretes  by  a  careful  study  of  its 
stages  of  evolution,  namely,  sensation,  image,  reproduced 
images  resembling  yet  diflering  from  the  original  sensation,  a 
coalescence  of  tlieir  resemblances,  and  finally  the  substitution 
of  a  verbal  symbol  for  these  images.  With  this  symbol  the 
intellect  operates,  and  sometimes  operates  so  exclusively  with 
it  that  not  tlie  faintest  trace  of  image  or  sensation  is  appre- 
ciable— the  word  horse  takes  the  place  of  the  image  in  tlie 
sequence  of  sensorial  processes,  just  as  the  imago  takes  the 
place  of  the  sensation.  It  does  this  as  a  neural  e<[uivalent 
In  the  same  way  we  substitute  verlwil  symbols  for  a  bog  of 
sovereigns  when  we  pay  a  creditor  with  a  cheque ;  he  pays 
the  cheque  away  to  another ;  and  this  monetary  ecjuivalcnt 
passes  from  hand  to  hand  without  a  single  coin  making  its 
appearance.  Does  the  transaction  cease  to  be  commercial, 
monetary,  in  this  substitution  of  signs  ?  Xo ;  nor  does  a 
process  cease  to  be  psycliical  when  an  image  is  substituted 
for  a  sensation,  and  a  verbal  symbol  for  an  image.  Tliis 
every  one  will  admit.  Must  we  not  go  further,  and  extend 
the  admission  to  automatic  actions  which  originally  were 
voluntary,  and  have  now  lost  all  trace  of  ideal  prevision,  ami 
almost  all  traces  of  accompanying  consciousness  ?  The  motor 
mechanism  has  its  symhds  also ;  in  this  sense,  that  whereas 
the  action  which  at  first  needed  complex  sensorial  processes 
to  set  it  going  and  keep  it  going,  is  now  determined  by  a 
single  one  of  those  processes  taking  the  place  of  their  resul- 
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taut.  When  a  practised  accountant  runs  his  eye  up  a  column 
of  figures,  he  does  not  pause  to  realise  the  values  of  those 
figures  by  decomposing  the  symbols  into  their  numerical  units, 
he  simply  groups  one  symbol  with  another  according  to  their 
intuited  relations,  and  the  final  result  is  reached  with  a  cer- 
tainty not  less,  and  a  rapidity  far  greater,  than  if  it  had  been 
reached  by  step-by-step  verification.  It  is  thus  with  the 
pianoforte-player.  It  is  thus  with  all  automatic  perfonn- 
ances,  except  those  dependent  on  the  connate  adjustments  of 
the  mechanism. 


-^3«f-- 


TiTE  PROBLEM   STATED. 


71.  If  the  precnding  attempt  to  disongnge  the  question 

I  Uto  ambi^iitics  uF  its  terms  has  been  eiiccessful,  we 
VtoA  little  difRciilty  in  rntionally  rnterpreling  all  tlia 

■Idduccd  in  favourtif  Animal  Aiitomatisin,  without  hav- 
g  icccmnic  to  a  mpptianical  theory  of  biological  phenomena. 
c  oh]*«ctions  to  that  theory  are  that  it  employs  terms  ■which 
)  Tery  misleaditig  connotations  even  when  they  do  not 
t$  phenomena  of  widely  different  ordera;  so  that  tht! 

II  repugnance  commonly  felt  at  the  attempt  to  treat  the 
ml  organism  as  if  it  were  a  machine,  is  sustained  by  the 

ilit«Uectnal  repugnance  at  the  attempt  to  explain  biological 
1  principles  derived  fium  phenomena  of  a  sim- 
r  onler. 

irk,  in  passing,  tliis  piqnant  contradiction :  tlie  Anto- 

i  theory  of  Descartes,  when  applied  to  the  animals, 

f  excited  ridiculo  or  repulsion  ;  whereas  the  far  mope 

it  and  mechanical  theory  of  Relleic  Action  has  l>eon 

L  universally  welcomed  as  a  gruat  discovery,  though  it 

Innidies  the  Sensibility  which   Descartes  preserved.     And 

ruftber,  the  philosophers  who  most  loudly  prot«»t«d  against 

the  idea  that  animnls  were  machines,  were  the  philosophers 

rt  most  insisted  that  these  animals  were  made,  not  evolved 

i  by  their  maker,  as  a  watch  is  planned  by  its  maker, 

I  B  distinct  purpose  and  prevision  in  the  disposition  of 

y  part ;  whereas  the  philosophers  who  most  emphatically 

F'lvjfct  this  notion  of  organisms  being  made,  are  often  thoso 

I'Vbo  liken  organisms  to  machines. 

72.  The  paradox  propounded  by  Descartes  loses  mncb  of 
lb  itnuigenen  when  we  understand  his  meaning.    Its  terms 
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are  infelicitous  because  of  their  nusleading  connotations. 
When  he  says  that  all  the  actions  of  animals  which  seem  to 
be  due  to  Consciousness  are  in  fact  produced  on  the  same 
principles  as  those  of  a  machine,  he  means  that  animals  have 
not  souls  to  direct  their  actions;  but  since,  on  being  ques- 
tioned, he  is  ready  to  admit  that  animals  have  sensation,  pe> 
ception,  emotion,  and  memory,  his  denial  of  their  souls  prac- 
tically comes  to  much  the  same  as  the  ordinary  position  that 
animals  have  not  Thought  nor  Consciousness  of  Self*  The 
admission  of  sensation  is,  however,  quite  enough  to  mark  the 
essential  difference  between  an  organism  and  a  machine. 

73.  It  was  really  a  great  step  taken  by  Descartes  when  he 
directed  attention  to  the  fact  that  all  animal  actions  weie 
executed  in  strict  conformity  with  mechanical  principles, 
because  both  before  his  time,  and  since,  we  may  observe  a 
great  disregard  of  the  animal  mechanism,  and  a  disposition  to 
interpret  the  phenomena  on  metaphysical  principles.    But 
the  connotations  of  the  term  "  machine  "  were  such  as  to  lead 
the  mind  away  from  the  special  conditions  of  the  vital  me- 
chanism, and  fix  it  exclusively  on  the  general  conditions  of 
machinery.    Hence  his  opponents  misimderstood  him,  and 
some  of  his  followers  made  the  same  oversight,  and  ended  by 
eliminating  sensation  altogether.     In  pursuance  of  this  me- 
chanical point  of  view,  to  the  exclusion  of  the  biological, 
Thought  and  even  Consciousness  have  been  eliminated  from 

*  Descartes  expressly  calls  them  sensitive  machines.  He  refuses 
them  Thought,  but  neither  "  la  vie  ou  le  sentiment"  He  adds,  **  Mon 
opinion  n'est  pas  que  les  betes  voient  comme  nous  lorsque  nous  sentoDS 
que  nous  voyons." — (Euvres^  iv.  p.  339.  This  example  is  cited  by  him  in 
proof  of  human  automatism :  *'  Que  ce  n'est  point  par  Tentremise  de 
notre  kaia  que  les  yeux  se  ferment,  puisque  c'est  contre  notre  volont^ 
laquelle  est  sa  seule  ou  du  moins  sa  principale  action;  mais  c'est  k  caoK 
que  la  machine  de  notre  corps  est  tellement  composde  que  le  mouvement 
de  cette  main  vers  nos  yeux  excite  un  autre  mouvement  en  notre  cervean 
qui  conduit  les  esprits  animaux  dans  les  muscles  qui  font  abaisser  let 
paupi^res."  All  indeed  that  we  assign  to  Sensibility,  he  assigns  to  theae 
hypothetical  animal  spirits,  and  thence  he  concludes,  ''Qu'il  ne  reste 
rien  en  nous  que  nous  devious  attribuer  &  notre  &me  sinon  nos  penseea." 
— Les  Pasziom  de  VAme,  art.  13  and  17.  Comp.  Discoun  de  la  Mitkode^ 
partie  iv. 
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^HMn^  tba  organio  agencies,  and  are  said  to  bare  no  more 

^^Ubeooe  in  detenniniog  even  hnman  actions  than  the  whistle 

^Bl  tAe  Bteam-engine  lias  in  directing  the  locomoUTa    There 

^BR  thus  tvo  tnridphysiological  theorit-s.     According  to  tlie 

^■BDe.  Conaciotisness  directs  indeed  the  actions  of  the  orgau- 

"     lun,  but  is  not  itself  an  organic  process — it  sits  apart,  like  a 

nuical  performer  playin;^  on  on  instrument.     According  to 

tlw  otliur,  it  is  not  a  directing  agency,  but  on  accessory  pro- 

dnet  of  certiiin  organic  processes,  which  processes  may  go  on 

i}nte  as  veil  without  any  accompaniroent  and  interference 

of  Co&MiottSDesa 

74.  Two  observations  arise  hero.  First,  we  observe  a 
vant  of  due  recognition  of  the  objective  and  subjective 
Rtpect«,  and  their  respective  criteria.  Secondly,  we  observe 
TntnUl  bets  of  irresistible  certainty  interpreted  by  material 
hypotheses  of  questionable  value ;  and  not  only  so,  but  a 
kigher  validity  is  assigned  to  the  material  hypotheses  than 
to  Uie  mental  facts  they  are  invented  to  explain.  That  we 
are  conscious,  and  that  our  actions  are  determined  by  sen- 
Mtions,  emotions,  and  ideas,  are  facts  which  may  or  may 
not  b«  Qxplained  by  reference  to  material  conditions,  but 
which  no  material  explanation  can  rtinder  more  certain. 
That  animals  resemble  us  in  this  as  in  other  respects  is  an 
iadoctioii  of  the  highest  probability.  It  is  aUo  a  fact  that 
many  actions  take  place,  as  we  say.  unconsciously  and  in- 
TolnDtarily ;  and  that  some  lake  place  now  consciously,  now 
UBOOoaeiotuly.  Tliuse  facta  also  we  endeavour  to  explain ; 
and  when  we  find  that  some  of  the  unconscious  and  iuvoluu- 
buy  aetiooa  take  place  after  tJie  brain  has  been  removed,  this 
u  interpreted  on  the  material  hypotht^is  of  the  brain  being 
the  tnh  seat  of  sensation  and  cousciuusness  ;  and  is  orged  in 
favour  of  the  bypothesis  that  conscionsne^  cannot  be  an 
agent  in  the  mechanism,  Here  the  confusion  of  objective 
and  subjective  aspects  is  patent  Consciousness  as  a  sub- 
jective bet  cannot  be  a  material  or  objective  fact.  But  may 
it  not  ba  another  aspect  of  that  which  is  objective  1  So  long 
as  ve  are  dealing  with  the  objective  aspect,  we  have  nothing 
^Lbnt  material  processes  in  a  material  mechanism  before  us. 
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A  change  within  the  organism  is  caused  by  a  neural  stimu- 
lation, and  the  resulting  action  is  a  reflex  on  the  muscles. 
Here  there  is  simply  a  transference  of  motion  by  a  material 
mechanism.  There  is  in  tliis  no  evidence  of  a  subjective 
agency ;  there  could  be  none.  But  when  we  come  to  in- 
vestigate the  process,  we  find  that  it  differs  from  similar 
processes  in  anorganisms,  by  the  necessary  co-operation  of 
special  conditions,  and  among  these — the  vital  conditions- 
there  are  those  which  in  their  subjective  aspect  we  express 
not  in  terms  of  Matter  and  Motion,  but  in  terms  of  Feeling, 
i.e.,  not  in  objective  but  in  subjective  terms.  I  see  a  stone 
move  on  being  struck ;  I  also  see  a  man  shrink  on  being 
struck,  and  hear  a  dog  howl  on  being  kicked.  I  do  not  infer 
that  the  stone  feels  as  the  man  and  dog  feel,  because  I  know 
the  stone  and  the  dog  to  be  differently  constituted,  and  infer 
a  corresponding  difference  in  their  reactions.  I  infer  that 
the  man  and  dog  feel,  because  I  know  they  are  like  myself, 
and  conclude  that  what  I  feel  they  feel,  under  like  condi- 
tions. 

75.  Descartes  says  that  animals  are  sensitive  automata. 
They  always  act  as  we  sometimes  act,  i.e.,  when  we  are  not 
conscious  of  what  we  do,  as  in  singing,  walking,  playing  the 
piano,  &c.    We  are  said  to  do  these  things  mechanically, 
automatically,  and  hence  the  conclusion  that  these  actions 
are  those  of  a  pure  mechanism.     But  it  would  be  truer  to 
say  that  we  never  act  mechanically,  we  always  act  organi- 
cally.    "  When  one  who  falls  from  a  height  throws  his  hands 
forwards  to  save  his  head,"  says  Descartes,  "  it  is  in  virtue  of 
no  ratiocination  that  he  performs  this  action  "  (that  depends 
on  the  definition :  in  the  Logic  of  Feeling  there  is  a  process 
of  ratiocination  identical  with  that  in  the  Logic  of  Signs). 
"  It  does  not  depend  upon  his  mind "  (again  a  question  of 
definition),  "  but  takes  place  merely  because  his  senses  being 
affected  by  present  danger "  (senses,  then,  have  a  perception 
of  danger  ?)  "  some  change  arises  in  his  brain  which  dete^ 
mines  the  animal  spirits  to  pass  thence  into  the  nerves  in 
such  a  manner  as  is  required  to  produce  this  motion,  in  the 
same  way  as  in  a  machine,  and  without  his  mind  being  able 
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D  hinder  it.  Now  since  we  observe  this  in  oureelvea,  why 
■]ioald  we  be  so  much  astonished  if  the  light  reflected  from 
Ike  bodj  of  a  wolf  into  the  eye  of  a  sheep  has  the  same  force 

Ete  in  it  the  motion  of  flight  ? " 
),  Ixith  in  the  cose  of  the  mnn  and  the  sheep,  there 
apposed  the  very  mental  experiejice  which  ia  denied. 
Sw  yonng  child  will  not  throw  out  ita  arm  to  protect 
ttaelf ;  but  Hfler  many  experiences  of  falling  and  stumbling, 
tbere  i»  an  organiseil  perception  of  the  impending  danger, 
mi  the  means  uf  averling  it,  and  it  ia  this  which  determines 
tbe  throwing  out  of  the  arms,  If  tliis  is  not  a  mental  facl>— 
I  process  of  judgment — then  the  logical  conclusion  by  which 
I  Gaander  on  bearing  a  war-rumour  ordors  his  broker  to  sell 
Mock,  is  not  a  mental  fact.  T)ie  light  reflected  from  the 
body  of  a  wolf  would  not  disturb  the  sheep  unless  ita  own.  or 
its  imJUriiat  organised  experience  were  ready  ihero  to  respond. 
But  tbis  organised  experience,  you  say,  enters  into  the 
naetuuiiain !  Ves :  hut  it  cannot  be  made  to  enter  into  the 
nDchuiism  of  an  automaton,  because  however  complex  that 
ncchuiuim  may  l>e,  and  however  capable  of  variety  of  action, 
I  if  coMti-ncted  solely  for  definite  actions  on  calculated  lines: 
kll  its  mdjostments  must  have  bet^n  foreseen,  it  ia  incapable 
if  adjustiog  itself  to  unforeseen  circumstances.  Hence  every 
atemption  in  the  prearranged  order  either  tJirows  it  out  of 
;Mr.  or  brings  it  to  a  standstill-  It  is  regulated,  not  self- 
vgulftting.  The  organism,  on  the  contrary — conspicuously 
»  in  its  more  complex  forms — is  viiriublc.  self-regulating_ 
ocaloakble.  It  has  aeleetive  ada/italian  ()>.  197)  respond- 
ng  readily  and  efficiently  to  novel  and  unforeseen  circum- 
lUocns;  acquiring  new  modes  of  combination  and  reaction. 
In  antomalon  ihnt  will  learn  by  experience,  and  adapt  itself 
a  flcinilitionn  not  cah;ulat«d  for  in  its  construction,  has  yet 
10  be  nuule;  till  it  is  made,  we  must  deny  that  organisms 
n  DaebinBa.  Automatism  in  the  organism  implies  Memory 
lad  Psrecptioii.  A  sudden  contact — a  sudden  noise — a  vague 
na  amo  tn  the  twilight  will  excite  the  mechanism  according 
:4  oi^anised  ex[>ericnces.  W«  start  automatically,  before 
■  e  aBtoiBatically  interpret  the  cause;  we  start  firat,  and  then 
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ask,  What  is  that  ?  But  we  do  not  always  start  at  sounds  or 
sights  which  have  no  association  with  previous  experiences. 
The  child  and  the  man  both  see  the  falling  glass,  but  the  child 
does  not  automatically  stretch  out  a  hand  to  save  the  glass, 
Having  once  learned  the  action  of  swimming  or  billiard- 
playing,  we  automatically  execute  these ;  without  consciously 
remembering  the  rules,  we  unconsciously  obey  them;  each 
feeling  as  it  rises  is  linked  on  to  another,  each  muscle  is 
combined  with  others  in  a  remembered  synthesis. 

76.   Kempelen's  chess-player  surprised  the  pubhc,  but 
every  instructed  physiologist  present  knew  that  in  some  way 
or  other  its  movements  were  directed  by  a  human  mind; 
simply  because  no  machine  could  possibly  have  responded  to 
the  unforeseen  fluctuations  of  the  human  mind  opposed  to  it 
Even  the  mind  of  a  dog  or  a  savage  would  be  incompetent  to 
pass  beyond  the  range  of  its  previous  experiences,  incompe- 
tent to  seize  the  significance  of  an  adversary's  moves  on  the 
chessboard.    Now  just  as  we  conclude  that  mental  agency 
is  essential  to  a  game  of  chess,  so  we  conclude  that  Sensibility 
is  essential  to  tUe  fluctuating  responses  of  an  oi^ganism  under 
unforeseen  circumstances.    We  can  conceive  an  automaton 
dog  that  would  bark  at  the  presence  of  a  beggar ;  but  not  of 
an  automaton  dog  that  would  bark  one  day  at  the  beggar 
and  the  next  day  wag  his  tail,  remembering  the  food  and 
patting  that  beggar  had  bestowed.     Since  all  we  know  of 
machines  forbids  the  idea  of  their  being  capable  of  adjusting 
their  actions  to  new  circumstances,  or  of  evoking  throng 
experience  new  powers  of  combination,  we  conclude  that 
wherever  this  capability  of  adaptation  is  present  there  is  an 
agency  in  operation  which  does  not  belong  to  the  class  of 
mechanical  agencies.     Goltz  has  shown  that  a  frog  deprived 
of  its  brain  manifests  so  much  of  vision  as  enables  it  to  avoid 
obstacles — leaping  to  the  riglit   or  to  the  left  of  a  book 
placed  in  its  path.     This  Professor  Huxley  regards  as  purely 
mechanical : — "  Although  the  frog  appears  to  have  no  sensa- 
tion of  light,  visible  objects  act  upon  the  motor  mechanism 
of  its  body."     Should  we  not  rather  conclude  that  if  the 
frog  had  no  sensation,  no  such  effect  would  follow  ?  because 
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ft  niiicliiiie  miff!it  be  constnictwl  to  respond  to 
riations  of  light  and  bIiiuIows,  none  could  be  constructed 
t  Sensibility)  to  respond  to  the  flacttiating  conditions 
inism  responds.*  Were  the  reflex  actions  of  the 
I  jmrely  mechanical — i.e.,  involving  none  of  those 
t  adjustments  which  characterise  Sensibility — tlic 
!  would  be  iinifonn,  and  proportional  Ui  tlio  impact; 
it  in  variable,  and  proportional  to  the  static  condition 
the  twnrous  centres  at  the  moment.  Exaggerate  this — 
*  strydiniDe.  for  instances — and  tiie  slightest  touch  on  the 
win  produce  general  convulfiiona.  I^awcr  it — -by  an 
Htbetic — and  no  reflex  at  all  will  follow  a  stimulna  lu 
a  of  the  mucous  membrane,  no  reflex  of  the  eyelid, 
aecretion  of  tears,  follows  on  the  irritation  of  the  mem- 


DnCARTKH  cotii[iitrrii  the  animal  mi-i^hAnisni  to  that  nf  iIk  grnttcrt 

"mmtuB*  at  V'e^MHI«^  the  nervta  tu  tlii>  watcr-tiibe*  :— "  Let  Dtgebi 

ieota  qtu  p«r  Inur  wul  presence,  agiuent  conlrc  1«b  organu  (l«>  sens, 

i  fu  t*  luofMi,  la  dfiemiiDeDt  k  w  mouTair  en  pliuieun  diveiM* 

*,  mIod  u>mme  In  jwrliiis  du  ccrreuu  «oiit  diiipo^^'eii,  Hoiit  cotntiie 

nliKel*,qui  fntnnt  dan"  (judcjuia  iim-mipB  grotlcB  <le  ccBloutaiuw 

at  rtumCniea  sanri  y  ppiiMT  leu  moiivenienta  qui  s'v  font  en  Icar 

BM ;  ear  ila  s'y  peuvent  imtrer  ({u'l^  niarchont  but  e«rtaiii«  car- 

:   Ultonent  dupo*£«,   c|uc   B'ils   apptochciit   il'iina   Diane  ijui  •« 

«,  ita  ta  font  cacber  ilaiis  it*  roieaux  i  rl  o'IIb  jnusrnt  outro  pour  la 

nirnt,  ill  feront  venir  ven  vui  ud  Nvpiime  <jui  Icn  iii(-iia«v»  <I« 

liMeiil :  ou  I'ila  Tont  de  iitiplqni^  autre  etMi,  ilt  en  (trout  aoriir  nn 

nwm  (]d  l«iir  tnmira  <!•  r«aa  cnutn  In  Jocc'—TVihU  iU 

iC6(,  p.  13.    lutj-cBJuiu  an  llie  cimipariMJii  it,  it  »ul,v  iUiittrUu 

nMchtaa  way  he  cumtruclfd  to  imitnte  animal  aL'tiuna.     Diana 

litilp*   hrnelf    when    a    cvrtain   ojint    >*  troddL-n   ujion ;    and 

M  alva)^  appeon  when  anolber  Bjiot  1*  trodilcn  upuii.     Thtrv 

■elmatinii,  no  acnaJbility  diMcniing  diSenrnoca  and  dctmniniBii 

OH.     Conpare  the  Tollowing  «ijieriin<mt :   A  monkr^  wat  plaMil 

takls  aad  ■  ahrill  wlunlle  aiade  clone  lu  iti  ear  :   "  IiiinuiiJMeljr 

«sr  waa   pricked   and  tlie  uiinial   turocd  nitli   nn   air  u(  liit«Iiie 

iM,  witlt  ejM  widelr  opened   and  pupil*  dilated,  to  the  direction 

ea  the  anund  procredcd.     On  rejwtition  of  the  «r;<eTimtnt  MVetal 

I,  though  the  pricking  of  the  cor  and  the  tuminK  of  the  bead  and 

Dontuntljr   occurred,  tli*  look  of  furjiriw  and  dilatation  of  tha 

aonucdtobe  nionifvaie.!."— FinitiBn  :  T/i4  f^tulum*  0/ t/u  ffrain, 

,  p;  171.     A  modiaDicul  uioiiker  wonld  alwajB  have  reacted  in  yre- 

aajr  on  cadi  •tiniuliia. 
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brane ;  no  sneezing  follows  irritation  of  the  inside  of  the 
nose ;  no  vomiting  follows  irritation  of  the  fauces. 

77.  The  question  has  long  ceased  to  be  whether  the 
organism  is  a  mechanism.  To  the  physiologist  it  is  this 
before  all  things.  To  the  psychologist  also  it  has  of  kte 
years  more  and  more  assumed  this  character ;  because  even 
when  he  postulates  the  existence  of  a  spiritual  entity  in  the 
organism  but  not  of  it,  he  still  recognises  the  necessity  of  a 
mechanism  for  the  execution  of  the  acts  determined  by  the 
spirit ;  and  when  the  psychologist  adopts  the  theory  of  spiri- 
tual phenomena  as  the  subjective  aspect  of  what  objectively 
are  material  phenomena,  he  of  course  regards  the  bodily 
mechanism  and  the  mental  mechanism  as  one  and  the  same 
real. 

This  settled,  the  problem  of  Automatism  may  be  thus  stated: 
Granting  the  animal  organism  to  be  a  material  mechanism, 
and  all  its  actions  due  to  the  operation  of  that  mechanism, 
are  we  to  conclude  that  it  is  an  automaton  essentially  resem- 
bling the  automata  we  construct,  the  movements  of  which 
may,  or  may  not,  be  accompanied  by  Feeling,  but  are  in  no 
case  determined  by  Feeling  ? 

Descartes  says  that  animals  are  sensitive  automata.    Pro- 
fessor Huxley  says  that  both  animals  and  men  are  sensitive 
and  conscious  automata ;  so  that  misleading  as  the  language 
of  Descartes  and  Professor  Huxley  often  is  in  what  its  terms 
connote,  we  do  them  great  injustice  if  we  suppose  them  to 
have  overlooked  the  points  of  difference  between  organisms 
and   machines   which  have    been  set  forth   with  so  much 
emphasis  in  a  preceding  chapter ;  and  the  reader  is  requested 
to  understand  that  without  pretending  to  say  how  much  the 
inevitable    connotation   of   their  language    expresses  their 
opinions,  and  how  much  it  may  have  only  led  to  their  being 
misunderstood,  my  criticisms  are  directed  against  this  con- 
notation and  this  interpretation* 


f 
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CHAPTEB  VII. 

IS   VEEUNO  AN   AGENT  t 


78.  Descartes  Lnving  attributed  all  nnimal  actions  to  a 
■«n«iiivo  ineclionisin,  mid  indeed  all  biiman  actions  to  a  simi- 
lar mecfaanisiu,  endeavoured  to  reconcile  this  hypothesis  with 
ibe  irreaiatible  facta  of  Consciousness — whicli  nasiirod  ua  that 
wKr  actions,  at  least,  were  determined  by  Feeling.  To  this 
«m1  ho  ikssumed  that  man  had  a  spiritual  principle  over  and 
above  the  sentient  principle.  The  opfration  cif  this  princijtle 
waM,  however,  liniilvd  to  Thought;  the  actions  themselves 
were  atl  performed  by  the  automatic  mechanism;  so  that,  in 
■tiict  logic,  the  conclusion  from  his  pn>iuisscs  vas  the  same 
for  man  as  for  animalx. 

This  conclusion  I'rofessor  Huxley  announced  in  his  Address 
WroTD  tlw  British  Association,  1874*— to  the  great  scandal  of 
the  gvaeral  public,  which  did  not  understand  him  aright ;  and 
to  tfaii  scandal  al80  of  a  physiological  public,  which,  strangely 
enoimih,  failed  to  »ef  that  it  was  the  legitimate  exprtfssion  of 
one  of  Ihcir  favourite  tiieories — the  celchrat4.'d  Uk&l-x  Theory. 
Saw  although  it  is  t^uite  open  to  any  one  to  reject  the  pre- 
misBes  which  lead  to  snch  a  conclusion,  if  he  sees  g.'eat«T 
evldeaco  against  the  conclusion  than  for  the  premisses,  it  is 
tOKly  irrational  to  accept  the  premisses  as  those  of  scientific 
inducUoii,  and  yet  reject  the  conclusion  liucaiisc  iteudangenthe 
fUbtlityorothoropiuionRl  For  my  own  j>art,  I  do  not  accept 
l)i«  premisses,  and  my  jiolemic  will  have  reference  to  tliem. 

79.  I'rofeasor  Huxley  adopta  certain  Theses  which  repre- 
-.'ut  the  views  genotally  adopted  by  pbysiologistx  ;  to  which 

adds  a  Thesis  which  is  adopted  by  few,  and  which  he  only 

;  its  forward  hypothctically.     Against  these  [lositions  I  place 

'  Priaud  la  tha  FarltughUg  Avi«v,  Novenibar  1874,  from  wliidi  dl 
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Antitheses,  less  generally  adopted,  but  which  in  my  belief 
approximate  more  nearly  to  the  inductions  of  experience. 


Tlieses, 

I.  There  Ciiii  be  no  sensation 
>vithout  consciousness. 

II.  There  can  be  no  conscious- 
ness without  the  co-operation  of 
the  brain. 

III.  Sensation  and  Conscious- 
ness are  in  some  inexplicable  way 
caused  by  molecular  changes  in  the 
brain,  following  upon  these  as  one 
event  follows  another,  the  causal 
link  between  motion  and  sensation 
being  a  mystery. 


Antitheses, 
L    There  is  sensation  withoat 
consciousness,     if     consciousness 
means  a  special  mode  of  Sentience: 

II.  The  co-operation  of  the  brain 
18  only  necessary  for  a  special  node 
of  Sentience  ;  other  modes  are  so* 
tive  when  the  brain  is  inactiTe. 

III.  Unless  the  molecular 
changes  be  limited  to  the  brain  as 
the  occasional  cause,  there  is  no 
folUnoing  of  sensation  or  motion, 
no  causAl  link  between  the  two ; 
but  the  neural  process  is  the  sen- 
sation, viewed  objectively,  the 
sensation  is  the  neural  proce», 
viewed  subjectively.  In  this  in- 
tithesis.  Neural  Process  ia  not 
limited  to  the  brain,  but  comprises 
the  whole  sensitive  organism  as  the 
efficient  cause. 

IV.  All  actions  are  the  actions 
of  a  reflex  mechanism,  and  all  are 
sentient,  even  when  unconscions ; 
they  are  therefore  never  purely 
mechanical,  but  always  organical. 

v.  Sentience  being  necessary  to 
reflex  action,  it  is  necessarily  an 
agent 


IV.  All  actions  which  take  place 
unconsciously  are  reflex,  and  reflex 
actions  are  the  operation  of  an  in- 
sentient mechanism ;  they  are  there- 
fore as  purely  mechanical  as  those 
of  automata. 

V.  The  animal  body  is  a  refliez 
mechanism  ;  even  when  the  brain 
cooperates  with  the  other  centres, 
and  produces  consciousness,  this 
product  is  not  an  agent  in  deter- 
mining action,  it  is  a  collateral  re- 
sult of  the  operation. 

80.  The  first  four  Theses  are  those  current  in  our  text- 
books, so  that  it  is  only  the  fifth  which  will  have  the  air  of 
a  paradox.  Nor,  as  a  paradox,  is  it  without  advocates.  Schiff 
long  ago  suggested  it  hypothetically.  Hermann  mentions  it 
as  entertained  by  physiologists,  whom  he  does  not  name* 
Laycock,  and,  if  I  remember  rightly,  Dr.  Drysdale,  have  in- 

•  Schiff  :  Lehrbuch  der  PhystoLy  1858,  p.  212.   HsrmjlNN  :  Phifsi- 
ology,  translated  by  Gamgee,  1875,  p.  511. 
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(  sntl  Mr.  Spalding  lias  proclaimed  it  with  iteratatl 

[  Of  the  AiUitiieses  notliing   need  be  said  here, 

rfaolo  of  tliis  voluQie  is  lueiint  to  fitnusb  their 

olnady  stAt«<.l  ttiat  my  poleuio  is  against  the  views 
''essor  Haxley  is  suppomi  to  hold  hy  those  whom 
mislead,  rather  than   against  the  views  I 
him  really  to  liolJ.     I  have  little  doubt  that  ho 
disavow  mnch  that  I  am  forced  to  combat,  although 
is  naturally  interpreted  io  that  sense.     But  1 
in  how  far  he  would  (^ree  with  me,  and  in  the 
larks  I  shall  confine  un'self  to  what  seems  to  be 
■'^Ma  {nterprutation  of  his  worIs,  since  that  is  the  inler- 
which  has  been  generally  adopted,  and  which  I 
esinestly  desire  to  TeCute. 
To  begin  with  this  pass^e.     Afler  stating  the  views  of 
he  says :  "  As  actions  of  a  certain  degree  of  com- 
ity are  brought  about  by  mere  mechanism,  why  may  not 
ioDS  of  still  greater  complexity  be  the  result  of  a  more  refined 
?    Wliat  proof  is  there  that  brutes  are  othi-r  tlion 
Dpvrior  race  of  mnrionDetteA,  which  eat  without  plmsun-, 
without  poiu,  desire  nothing,   know  nothing,  and  only 
ntate  intelligence  aa  a  bee  simulates  a  mathematician  ? " 
At  proof?     Why,  in   the  first  place,  the  proof  which  is 
ilied  in  the  "  more  relinod  mechanism  "  required  for  tJie 
complexity  of  actions.     In  the  next  place,  the  proof 
the  organism  of  the  brute  is  very  different  from  the 
lUinD  of  a  marionnette,  and  is  so  much  more  like  the 
nitm   of  man,  that  since  we   know   man  to   eat  with 
Hire  and  cry  with  pain,  there  ia  a  strong  presumption 
the  brate  eats  and  cries  with  somewhat  similar  feeling's. 
Having  stated  the  hypothesis,  Trofessor  Huxley  says 
la  not  disposed  to  accept  it,  though  he  thinks  it  cannot  be 
His  chief  reMon  for  not  accepting  it  is  liiM  tlte  law 
lUnuity  forbids  the  suppoaition  of  any  complex  pheno- 
[y   appearing;  the   community  between   sni- 
too  closo  for  ns  to  admit  that  Consciousness 
man  without  having  its  beginnings  in  ani- 
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mals.  Finding  that  animals  have  brains,  he  justly  conclud 
that  they  also  must  have  brain  functions ;  and  they  also  thee^ 
fore  must  be  credited  with  Consciousness.  This  argum^to/ 
seems  to  me  to  have  irresistible  cogency ;  and  to  be  destruc- 
tive not  only  of  the  automaton  hypothesis,  but  equally  of  tie 
hypothesis  on  which  the  Keflex  Theory  is  founded.  If  the 
law  of  continuity  forbids  the  sudden  appearance  of  Conscioiu- 
ness,  the  law  of  similarity  of  property  with  similarity  of 
structure  forbids  the  supposition  that  central  nerve-tissue  in 
one  part  of  the  system  can  suddenly  assume  a  totally  different 
property  in  another  part.  If  the  brain  of  an  animal,  a  bird, 
a  reptile,  or  a  fish — and  a  fortiori  if  the  oesophageal  ganglia 
of  an  insect  or  a  mollusc — may  be  credited  with  Sensibility, 
because  of  the  fundamental  similarity  of  these  structures  with 
the  structures  of  the  human  brain,  then  surely  the  spinal  corf 
must  be  credited  with  Sensibility  ;  for  the  tissue  of  the  spinal 
cord  is  more  like  that  of  the  brain,  than  the  brain  of  a 
reptile  is  like  the  brain  of  a  man.  The  sudden  disappearance 
of  all  Sensibility,  on  the  removal  of  one  portion  of  the  central 
nervous  system,  would  be  a  violation  of  the  law  of  continuity. 
And  if  it  be  said  that  Consciousness  is  not  the  same  as  Sensi- 
bility, but  is  a  specially  evolved  function  of  a  specially  de- 
veloped organ,  the  answer  will  be  that  this  is  only  a  diffe> 
ence  of  mode,  and  that  the  existence  of  Sensibility  is  that 
which  renders  the  automaton  and  reflex  theories  untenable. 

83.  Professor  Huxley  would  probably  admit  this ;  for  how- 
ever his  language  may  at  times  seem  to  point  to  another 
conclusion,  and  is  so  far  ambiguous,  he  has  expressed  the 
view  here  maintained  with  tolerable  distinctness  in  the  fol- 
lowing passage,  to  which  particular  attention  is  called : — 

"But  though  we  may  see  reason  to  disagree  with  Des- 
cartes* hypothesis,  that  brutes  are  unconscious  machines,  it 
does  not  follow  that  he  was  wrong  in  regarding  them  as  auto- 
mata. They  may  he  more  or  less  conscious  sensitive  automata; 
and  the  view  that  they  are  such  conscious  machines  is  that 
which  is  implicitly  or  explicitly  adopted  by  most  persons. 
When  we  speak  of  the  actions  of  the  lower  animals  being 
guided  by  instinct  and  not  by  reason,  what  we  really  mean  is 
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■fe  tboogh  they  feel  us  we  do,  yet  their  actious  are  Uie 
nilu  of  their  pbyaieol  orgsuisation.  We  believe,  in  short, 
kt  they  aro  machines,  one  part  of  which  (the  nenous  sys- 
b)  not  only  aet^  the  rest  in  motion  and  co-ordinates  its 
srementfl  in  relation  with  chaugos  in  surrounding  bodies, 
t  is  provided  with  a  special  a])pamtu3  the  function  of 
lich  is  thb  cxdliBg  into  eURtence  of  those  states  of  call- 
ousness which  are  termed  sensations,  emotions,  and  ideas." 
84.  To  say  that  they  are  "conscious  automata"  seems 
uiLing  all  that  I  demand ;  but  there  are  two  objectionable 
aitiona  which  the  phrase  conceals :  first,  tliat  Consciousness 
not  a  coefficient ;  and  secondly,  that  Itedex  Action  is  purely 
sduuical. 

FtvfessDT  HuxJey  nowhere,  I  think,  establishes  the  distinct 
a  between  Consciousness  as  a  term  for  a  special  mode  of 
diog,  and  Consciousness  as  the  all-embracing  term  for 
adent  phenomena.  His  language  always  implies  that  an 
tknt  pvrfonned  unconsciously  is  performed  mechanically; 
lich  EMy  1)6  acceptable  if  by  unconsciously  he  meant  in- 
ntiently.  1  Imld  Uiat  wlielber  consciously  or  uncon- 
ioQsly  performed,  the  action  is  HjuaUy  viIaI  and  sentient. 

tlie  case  he  has  cited  of  a  soldier  now  living  wlio  is  sub- 
:t  to  periodic  alternations  of  normal  and  abnormal  states, 
the  Utter  states  all  the  actions  being  said  to  tie  "  uncou- 
ioat,"  we  have  only  to  read  the  account  to  recognise  ample 
idence  of  Sentience.  Here  is  a  descriptive  passage . — 
86.  "  His  [the  soldier's  in  the  ahuonnal  atatej  movements 
main  free,  and  his  expression  calm,  except  for  a  contraction 

the  brow,  an  incessant  movement  of  the  eyeballs,  and  a 
ewing  motion  of  the  jaws.  The  eyes  are  wide  open,  and 
eir  pupils  rUlated.  If  the  man  happens  to  be  in  a  place  to 
lieb  ho  is  accustomed  ho  walks  aUml  as  usual;  but  if  he 
ID  a  new  place,  or  if  obstacles  are.  intentiuimlly  placed  in 
1  way,  1ms  stumbles  against  them,  aiopt,  and  Ihenfuling  over 
>  thjteU  with  hi»  hand*,  passes  on  one  gidt  of  them.     He  offers 

Raistance  to  any  change  of  direction  which  may  be  im- 
eawd  upon  him,  or  to  the  forcible  acceleration  or  retarda- 
V^hta  movementa.    He  cats,  drinks, smokes,  walks  ahonty 
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dresses  and  undresses  himself,  rises  and  goes  to  bed  at  the 
accustomed  hours.  Nevertheless  pins  may  be  ran  into  his 
body,  or  strong  electric  shocks  sent  through  it,  without 
causing  the  least  indication  of  pain ;  no  odorous  substance, 
pleasant  or  unpleasant,  makes  the  least  impression ;  he  eats 
and  drinks  with  avidity  whatever  is  offered,  and  takes  asa- 
f cetida  or  vinegar  or  quinine  as  readily  as  water ;  no  noise 
affects  him ;  and  light  influences  him  only  under  certain 
conditions." 

There  is  no  one  of  these  phenomena  that  is  unfamiliar 
to  students  of  mental  disease.  The  case  is  chiefly  re- 
markable from  the  periodicity  of  the  recurrence  of  flie  ab- 
normal state.  I  have  collected  other  cases  of  the  kind,  and 
may  hereafter  find  a  fitting  occasion  to  quote  them.*  The 
anaesthesia  and  "  unconsciousness"  noted,  no  more  prove  the 
actions  performed  by  this  soldier  to  have  been  purely  mecha- 
nical, i.e.,  undetermined  by  sensation,  than  ansesthesia  and 
unconsciousness  prove  somnambulists  and  madmen  to  be 
machines.  In  the  pathological  state  called  ''ecstasy"  there 
is  a  considerable  diminution  of  sensibility  to  external  stimnii; 
with  a  concentration  on  certain  feelings,  images,  trains  of 
thought,  exhibiting  itself  in  expressions  of  emotion.  "Les 
malades,"  says  a  master,  "  paraissent  enti^rement  absorb&par 
leurs  mouvements  int^rieurs,  ils  refusent  g^ndralement  de 
manger,  et  sp^cialement  la  volonte  de  T&me  semble  compi^ 
ment  enchain^e."  t 

86.  Observe  that  while  this  soldier  exhibits  such  insensi- 
bility to  certain  stimuli,  he  unequivocally  exhibits  sensibility 
to  other  stimuli.  All  his  acts  show  sense-guidance.  Sight 
and  Touch  obviously  regulate  his  movementa  And  when 
he  feels  objects  placed  in  his  way,  and  then  passes  be- 
side them,  wherein  does  this  differ  from  the  normal  pro- 
cedure of  sensitive  organisms?  wherein  does  it  resemble 
automata  ?    Dr.  Mesmet — from  whose  narrative  the  case  is 

*  Meanwhile  tlie  reader  ia  referred  to  Schroder  van  der  Kolk  : 
Fathologie  der  GeistesiranJtheiten,  1863,  p.  51  ;  or  Jessen  :  PhynologU 
des  menschlichen  Denkens^  i^V^y  P*  66. 

t  Qriesingeb:  Les  Maladies  Jfentales,  p.  96. 
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cited — ^remarks  that  the  sense  of  Touch  seems  to  persist 
''and  indeed  to  be  more  acute  and  delicate  than  in  the 
normal  state ;"  upon  which  Professor  Huxley  has  this  com- 
ment : — "  Here  a  diflBculty  arises.  It  is  clear  from  the  facts 
detailed  that  the  nervous  apparatus  by  which  in  the  normal 
state  sensations  of  touch  are  excited  is  that  by  which  exter- 
nal influences  determine  the  movements  of  the  body  in  the 
abnormal  state.  But  does  the  state  of  consciousness,  which 
we  term  a  tactile  sensation,  accompany  the  operation  of  this 
nen'ous  apparatus  in  the  abnormal  state  ?  or  is  consciousness 
utterly  absent,  the  man  being  reduced  to  a  pure  mechanism  ? 
It  is  impossible  to  obtain  direct  evidence  in  favour  of  the 
one  conclusion  or  the  other ;  all  that  can  be  said  is  that  the 
case  of  the  frog  shows  that  the  man  may  be  devoid  of  any 
kind  of  consciousness." 

87.  It  is  here  we  are  made  vividly  aware  of  the  absolute 
need  there  is  to  disengage  the  terms  employed  fi-om  their 
common  ambiguities.  All  the  evidence  of  a  tactile  sensation 
which  can  possibly  be  furnished,  on  the  objective  side,  is  fur- 
nished by  the  actions  of  this  soldier ;  to  doubt  it  would  be  to 
throw  a  doubt  on  the  sensibility  of  any  animal  unable  to  tell 
us  what  it  felt ;  nay,  even  a  man  if  he  were  dumb,  or  spoke 
a  language  we  could  not  understand,  could  give  us  no  other 
proof.  We  conclude  that  the  soldier  had  tactile  sensations, 
because  we  see  him  guided  by  them  as  we  ourselves  are 
guided  by  tactile  sensations;  we  know  that  he  is  an  organism, 
not  a  machine,  and  therefore  reject  the  inference  that  he  has 
become  reduced  to  a  ''pure  mechanism"  because  it  is  in- 
ferred that  his  consciousness  is  absent.  And  on  what  is  this 
inference  grounded  ?  i  °,  The  belief  that  the  brain  is  the 
8ole  organ  of  consciousness  (Sentience) — a  belief  flatly  dis- 
proved by  the  facts,  which  show  Sentience  when  the 
brain  has  been  removed;  and  2°,  the  belief  that  the  de- 
capitated frog,  because  it  avoids  obstacles  and  redirects  its 
leaps  to  avoid  them,  does  so  without  Sentience.  Acconling 
to  the  definition  we  adopt,  we  may  either  say  that  the  decapi- 
tated frog,  and  the  soldier  in  his  abnormal  state,  act  witliout 
consciousness,  or  with  it.    But  what  does  not  seem  permissible 
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is  to  deny  that  tbeir  actions  exhibit  the  clearest  evidence  of 
sense-guidance,  and  the  kind  of  volition  which  this  sense- 
guidance  implies ;  and  this  is  quite  enough  to  separate  them 
from  actions  of  automata.  When  a  man  ducks  his  head  to 
avoid  a  stone  which  he  sees  falling  towards  him,  he  assuredly 
has  a  sensation,  i.e.,  there  is  a  grouping  of  neural  elements, 
which  subjectively  is  a  sensation,  and  this  originates  a  group- 
ing of  other  neural  elements,  the  outcome  of  which  is  a  mus- 
cular movement,  wliich  subjectively  is  a  motor  sensation: 
this  grouping  would  not  liave  been  originated  unless  the 
particular  grouping  had  preceded  it ;  nor  would  the  simple 
retinal  stimulus  have  excited  this  sensation  unless  the  nerve- 
centres  had  been  attuned  to  such  response  by  many  previous 
experiences :  the  ignorant  child  would  not  duck  its  head  on 
seeing  the  stone  approach.  In  our  familiar  use  of  the  word 
Consciousness  it  would  be  correct  to  say  that  the  man  ducks 
his  head  "  unconsciously ; "  and  yet  expressing  the  fact  in 
psychological  language,  we  also  say :  He  ducks  his  head 
because  remembering  the  pain  of  former  similar  experiences, 
he  knows  that  if  the  stone  strikes  him  he  will  again  be  hurt 
as  before,  therefore  he  vrills  to  avoid  it ;  expressing  it  in  phy- 
siological language  we  may  say:  The  man  acts  thus  because 
he  is  so  organised  that  a  particular  neural  process  is  the 
stimulus  of  a  particular  central  discharge;  and  he  became 
thus  organised  through  a  long  series  of  anterior  adjustments 
responding  to  stimuli,  each  adjustment  being  the  activity  of 
the  vital  organism. 

88.  There  can  be  no  doubt  that  the  soldier  had  percep- 
tions, and  that  these  perceptions  guided  his  movements; 
whether  these  shall  be  called  "  states  of  consciousness "  or 
not,  is  a  question  of  terms.  Now  since  we  know  that  certain 
actions  are  uniformly  consequent  on  certain  perceptions,  we  are 
justified  in  inferring  that  whenever  tlie  actions  are  performed, 
the  perceptions  preceded  them :  this  inference  may  be  errone- 
ous, but  in  the  absence  of  positive  evidence  to  the  contrary 
it  is  that  which  claims  our  first  assent.  Is  it  evidence  to 
the  contrary  that  the  perception  may  have  stimulated  the 
action,  yet  been  unaccompanied  by  the  special  mode  named 
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consciousness  ?  Not  in  tlie  least.  We  learn  to  read  with 
conscious  effort ;  each  letter  has  to  be  apprehended  sepa- 
rately, its  form  distinj:^iis}ied  from  all  other  forms,  its  value 
as  a  si)[^  definitely  fixed,  yet  how  very  rarely  are  we  "  con- 
scious "  of  the  letters  when  we  read  a  book  ?  ¥jic\\  letter  is 
perceived;  and  yet  this  process  passes  so  rapidly  and  smoothly, 
that  unless  there  be  some  defect  in  a  letter,  or  the  word  be 
misspelled,  we  are  not  "  conscious  "  of  the  perceptions.  Are 
we  therefore  readinj^  automata  ?  * 

We  are  said  to  walk  unconsciously  at  times ;  and  the  con- 
tinuance of  the  movement  is  said  to  be  due  to  reflex  action. 
lUit  it  is  demonstrable  that  the  cutaneous  sensibility  of  the 
soles  of  the  feet  is  a  primary  condition.  If  the  skin  be  insen- 
sible, the  walkin<^  l)ecomes  a  stumble.  In  learning  to  walk, 
or  dance,  the  child  fixes  his  eves  on  his  feet,  as  he  fixes  them 
on  his  finj^ers  in  learning  to  play  the  piano.  After  awhile 
these  registered  sensations  amnected  with  the  muscular  sense, 
suffice  to  guide  his  feet  or  his  fingers;  but  not  if  feet  or 
fingers  lose  their  sensibility. 

89.  With  these  explanations  let  us  follow  the  further 
details  of  this  soldier's  abnormal  actions : — 

"The  man  is  insensible  to  sensory  impressions  made 
through  the  ear,  the  nose,  the  tongue,  and  to  a  great  extent, 
the  eye ;  nor  is  he  susceptible  to  pain  from  causes  ojMjrating 
during  his  abnormal  state.  Nevertheless  it  is  possible  so  to 
act  vpon  his  tactile  apparatus  as  to  tjive  rise  to  those  molecular 
ehamjes  in  his  sensorium  which  are  ordinarily  the  causes  of 
associated  trains  of  ideas.  I  give  a  striking  example  of  this 
process  in  Dr.  Mesmet's  words :  *  11  se  promenait  dans  lo 
jardin,  on  lui  remet  sa  canne  qu'il  avait  laissi^  tomber.  II 
la  paipe,  promdne  &  plusieurs  reprises  la  main  sur  la  poigne*; 

*  M.  LuTS  cites  the  cos**  of  a  patient  wlio  convorited  quite  rationally 
with  a  visitor  '*  Bans  en  avoir  conscience,  et  ne  se  souvenait  de  rien  ; " 
and  he  draws  the  extraordinary  conclusion  that  the  conversation  **  s'opi'- 
rait  en  vertu  dea  forces  rvtlexi-j*  :**  £twU*  de  Physiol"*n^  ft  de  PcUhohMjie 
CfribraleSf  1^74^  P-  117.  Is  it  not  obvious  that  the  {Mtient  must  hiivt; 
been  conscious  at  tlie  time,  though  the  consciousness  vanished  like  that 
io  a  dream  ?  The  |>er8istent  coni^ciousness  is  the  continuous  linking  ou 
of  one  state  with  previous  states -the  apperception  of  the  past. 


398  THE  PHYSICAL  BASIS  OF  MIND. 

coud^  de  sa  canne — devient  attentif — semble  preter  Toreille 
— et  tout  k  coup  appelle,  "  Henri !  lea  voil4 !"  Et  alors  portant 
la  main  derriSre  son  dos  comme  pour  prendre  one  caitoache, 
il  fait  le  mouvement  de  charger  son  arme,  se  couche  d&ns 
rherbe  a  plat  ventre  dans  la  position  d'un  tirailleur,  et  suit 
avec  Tarme  ^paulde  tons  les  mouvements  de  Tennemi  qu'il 
croit  voir  d.  courte  distance/  In  a  subsequent  abnormal  period 
Dr.  Mesmet  caused  the  patient  to  repeat  this  soene  by  placing 
him  in  the  same  conditions.  Now  in  this  case  the  question 
arises  whether  the  series  of  actions  constituting  this  singular 
pantomime  was  accompanied  by  the  ordinary  states  of  con- 
sciousness, the  appropriate  trains  of  ideas,  or  not  ?  Did  the 
man  dream  that  he  was  skirmishing  ?  or  was  he  in  the  con- 
dition of  one  of  Yaucanson's  automata — a  meehamsm  workd 
by  molecular  changes  in  the  nervous  system  t  The  analogy 
of  the  frog  shows  that  the  latter  assumption  is  perfectly 
justifiable." 

90.  Before  criticising  this  conclusion  let  me  adduce  other 
illustrations  of  tliis  dreamlike  activity.  ''A  gentleman  whom 
I  attended  in  a  state  of  perfect  apoplexy/'  says  Abercromlne, 
"  was  frequently  observed  to  adjust  his  nightcap  with  the 
utmost  care  when  it  got  into  an  uncomfortable  state :  first 
pulling  it  down  over  his  eyes,  and  then  turning  up  the  front 
of  it  in  the  most  exact  maimer."  According  to  the  current 
teaching,  these  actions,  which  seem  like  evidence  of  sensation, 
are  nothing  of  the  kind,  because — the  patient  was  "  uncon- 
scious;" that  is  to  say,  because  he  did  not  exhibit  one  complex 
kind  of  Sensibility,  it  is  denied  that  he  exhibited  ano^er 
kind !  he  did  not  feel  discomfort,  nor  feel  the  movements  by 
which  it  was  rectified — because  he  could  not  speak,  discuss 
impersonal  questions,  nor  attend  to  what  was  said  to  himl 
Abercrombie  cites  other  cases : — "A  gentleman  who  was  lying 
in  a  state  of  perfect  insensibiliiy  from  disease  of  the  brain " 
(note  the  phrase,  which  really  only  expresses  the  fact  that 
external  stimuli  did  not  create  their  normal  reactions)  "was 
frequently  observed  even  the  day  before  his  death  to  take 
down  a  repeating  watch  from  a  Little  bag  at  the  head  of  his 
bed,  put  it  close  to  his  ear  and  make  it  strike  the  hour. 
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rUicn  replace  it  in  Ihe  hiv^  with  the  (;:rcat<^st  precision. 
Another  whum  I  saw  in  a  state  of  profound  apoplexy,  from 
which  he  recovered,  Imd  a  perfect  recollection  of  what  took 
[4ace  during  the  attack,  and  mentioued  many  things  which 
had  been  said  in  bis  hearing  when  he  was  supposed  to  bo  in 
•  «ut«  of  perfect  unconscionsnesa"  I>r.  Wigan  also  tells  of 
a  ladjr  whom  he  knew,  and  who  was  actually  put  in  a  coffin, 
ud«r  the  belief  that  slie  was  dead  when  In  a  trance.  Her 
Maw  of  hearing  was  then  pretematnrally  acute.  In  lier 
nooad-floor  ticdroom  aho  heard  what  the  servants  said  in 
Iier  kitcbeo.  When  ber  brother  came  to  see  her  and  he 
dedared  she  should  not  l>e  bunod  until  putrefaction  set  in, 
•Im  felt  intonso  gratitude  and  a  gush  of  tetidemess,  but  waa 
nitablu  to  move  even  an  eyelid  as  a  manifestation  of  her 
betiog.  Suddenly  all  her  faculties  retuniixl.  I)r.  Wignn 
■dds  lliat  he  visited  the  Countess  Escalant^,  oni-  of  the 
Sfianish  refugees,  who  remained  in  a  similar  state  for  a 
fkoct  perioil,  during  which  she  saw  her  husband  and  children, 
and  vu  qtiita  ciinscious  of  all  they  did  and  said — but  did 
imA  ROOgnUe  tlieni  as  licr  own.  .^hc  was  absotutely  without 
the  power  of  moving  a  finger  or  of  opening  her  mouth.  Dr. 
Xeil  Amott  told  me  of  a  similar  case  in  his  practice.  In 
Uweo  last  cases  we  learn  that  consciousnesft— in  its  ordinnry 
acocptation — was  present,  though  b^-standers  couh)  see  no 
tiae*  of  iL  And  very  often  in  cases  where  Consciousness, 
or  at  any  mte  Sensibility,  is  clearly  manifested,  iu  presence 
ii  denied,  because  Uiu  patient  on  recovering  his  ni>rmal  coa- 
djtioo  ia  quit«  unable  to  rememlier  anything  that  he  felt  and 
did.  Under  amesthetics  patieuta  manifest  sensation,  but  on 
awaking  they  declare  that  they  felt  nothing— of  what  value 
is  liicir  duclaration  ?  &I.  Despinv  t«lls  us  of  a  patitrnt  who 
under  dilorofomi  stniggled,  swore,  and  cried  out,  "  Mon  Diru ! 
f  ji  aoujrt.'"  yet  when  the  operation  was  over,  and  he 
1  from  the  eOccta  of  the  ctdoroform,  he  remembered 
c  of  what  he  had  felt.* 


'  AdxxckombIE  :  Jafiurit*  amceniins  thi  JaUll^ttn^  Pevm,  1640, 
!>.  ijl,  WlOAS  :  Tht  IfalUy  aftht  3li.-.d,  1844,  p.  jjo.  DtsriKt :  la 
ftfduhfi*  AatMnUt,  1868, 1.  54. 
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91.  Eeturning  now  to  Dr.  Mesmet's  soldier,  and  to  the 
conclusion  that  his  dreamlike  acts  were  no  more  than  the 
actions  of  one  of  Yaucanson's  automata,  surely  we  aie 
justified  in  concluding,  first,  that  these  actions  were  not  of 
the  same  kind  as  those  of  an  automaton,  since  they  were 
those  of  a  living  organism ;  secondly,  that  they  present  all 
the  evidence  positive  and  inferential  which  Sensibility  can 
present  in  the  actions  we  observe  in  another,  and  do  not  feel 
in  ourselves ;  and  thirdly,  if  with  physiologists  we  agree  that 
the  mechanism  of  these  actions  is  *'  worked  by  molecular 
changes  in  the  nervous  system,"  there  is  some  diflSculty  in 
understanding  how  Consciousness,  which  is  said  to  be  caused 
by  such  changes,  could  have  been  absent — how  the  cam 
could  operate  yet  no  effect  be  produced. 

92.  What  automata  can  be  made  to  perform  is  surprising 
enough,  but  they  can  never  be  made  to  display  the  fluctua- 
tions of  sense-guided  actions,  such  as  we  see  in  the  report  of 
Dr.  Mesmet's  soldier : — 

"  The  ex-sergeant  has  a  good  voice,  and  had  at  one  time 
been  employed  as  a  singer  at  a  cafe.    In  one  of  his  abnormal 
states  he  was  observed  to  begin  humming  a  tune.     He  then 
went  to  his  room,  dressed  himself  carefully,  and  took  up  some 
parts  of  a  periodical  novel  which  lay  on  the  bed,  as  if  he  vxre 
trying  to  find  something.     Dr.  Mesmet  suspecting  that  he  was 
seeking  his  music,  made  up  one  of  these  into  a  roll  and  put 
it  into  his  hand.      He  appeared  satisfied,  took  up  his  cane,  and 
went  downstairs  to  the  door.     Here  Dr.  Mesmet  turned  him 
round,  and  he  walked  quite  contentedly  in  the  opposite  di- 
rection.    The  light  of  the  sun  shining  through  a  window  hap- 
pened to  fall  upon  him,  and  seemed  to  suggest  the  footlights  of 
the  stage  on  which  he  was  accustomed  to  make  his  appear- 
ance.    He  stopped,  opened  liis  roll  of  imaginary  music,  put 
himself  in  the  attitude  of  a  singer,  and  sang  with  perfect  exe- 
cution three  songs  one  after  the  other.     After  which  he  wiped 
his  face  with  his  handkerchief  and  drank  without  a  grimace 
a  tumbler  of  strong  vinegar-and- water." 

93.  Epileptic  patients  have  frequently  been  observed  going 
through  similar  dreamlike  actions  in  which  only  those  ex- 
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tcriial  stimuli  which  huve  a  relation  to  the  dream  seem  to 
lake  ellect.*  We  interpret  these  as  phenomena  of  diaordcred 
mental  action,  the  bunlen  of  proof  lies  on  him  who  says 
they  are  ])henoniena  of  pure  mechanism.  A  mail-coach  does 
not  suddeiilv  cease  to  he  a  mail-coach  and  l)ecome  a  wheel- 
iKirrow  bec:iu.se  the  C4)achman  is  drunk,  or  has  fallen  from  the 
box.  TIm?  horses,  no  longer  guided  by  the  reins,  may  dash 
ofT  the  highroad  into  gardens  or  ditches ;  but  it  is  their 
muscular  excMtions  which  still  move  the  coach. 

Can  any  one  conceive  an  automaton  cicting  as  the  sergeant 
is  described  to  l)e  in  tiie  following  passage? — 

"  Sitting  at  a  table  he  took  up  a  |>en,  felt  for  paper  and  ink, 
nnd  began  to  write  a  letter  to  his  general,  in  which  he  recoiii' 
mfndcd  Jiinhseff  fur  a  vitdal  on  account  of  his  good  conduct 
ind  couragr.  It  occuntul  to  Dr.  ilesmet  to  ascertain  experi- 
mentally how  far  vision  was  concerned  in  this  act  of  writ- 
ing.  He  therefonj  interpose*!  a  screen  between  the  man's 
tfves  and  his  hands ;  under  these  circumstances  he  vrnt  on 
writiiuj  fur  a  slwrt  time,  Intt  thr  trords  hccamc  illiyd'lt^  and  he 
Anally  stopjfcd.  On  tlie  withdrawal  of  th(»  screen,  he  bi'fjfin 
to  write  wjaia  trherv  he  had  left  ojT.  The  substitution  «)f  water 
for  ink  in  the  inkstand  had  a  similar  ix*sult.  He  .stopped, 
looked  at  his  pen,  wiped  it  on  hitf  coat,  dipped  it  in  the  water, 
and  U'gan  again,  witii  the  same  ellect.  On  one  occasion  lie 
iN'gan  to  write  upou  the  topmost  of  ten  superposetl  sheets 
of  ]>aiK*r.  After  he  had  written  a  line  or  two,  tiiis  sheet  was 
suddenly  clrawn  away.  There  teas  a  alight  exprcssiun  of  sur- 
prise^  but  he  continued  his  letter  on  the  second  sheet  exiu?lly 
iis  if  it  had  been  the  iirst.  This  ojKjnition  was  ivi>eated  live 
times,  so  that  the  liflh  sheet  contained  nothing  but  the 
writers  signature  at  tiie  bottom  «)f  the  i»age.  Xeverl he- 
less,  wlien  the  signature  was  finished,  his  eyes  tuni»Ml  to  the 
top  of  the  blank  sheet,  and  he  went  thiiiugh  the  form  of 
reading  over  what  he  had  written,  a  movement  i»f  the  lips 

*  Dr.  IIuoHLINifS  Jackson  has  (piite  U'tviitly  citfil  Mime  curiaiH 
exampl«*6  in  liis  own  piuLticv.  bci:  Hut  UiJimj  Lunatic  A**/um  AVfuifj 
for  187$. 
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accompanying  each  word ;  moreover,  with  his  pen  lie  put  in 
such  corrections  as  were  needed." 

94.  Dr.  Mesmet  concludes  that  "his  patient  sees  some 
things  and  not  others ;  that  the  sense  of  sight  is  accessible  to 
all  things  which  are  brought  into  relation  with  him  by  the 
sense  of  touch,  and,  on  the  contrary,  is  insensible  to  things 
which  lie  outside  this  relation."  In  other  words,  the  sensitive 
mechanism  acts,  but  acts  abnormally.  This  is  precisely  what 
is  observed  in  somnambulists.  Yet  Professor  Huxley,  who 
makes  the  comparison,  appears  to  regard  both  states  as  those  in 
which  the  organism  is  reduced  to  a  mere  mechanism,  because 
on  recovering  their  normal  state  the  patients  are  unconscious  of 
what  has  passed;  and  because  the  frog,  without  its  brain, also 
manifests  analogous  phenomena.  Neither  premiss  warrants 
the  conclusion.  I  have  already  touched  on  the  unconscious- 
ness of  past  actions ;  let  me  add  the  case  of  Faraday,  who  was 
assm^edly  not  an  automaton  when  he  prepared  and  deUveied 
a  course  of  lectures  which  were  nevertheless  so  entirely 
obliterated  from  his  memory  that  the  next  year  he  prepared 
and  delivered  the  same  course  once  more,  without  a  suspicion 
that  it  was  not  a  new  one.  As  to  the  frog,  I  must  leave  that 
case  till  I  come  to  examine  the  evidence  on  which  the  hypo- 
thesis of  the  purely  mechanical  nature  of  spinal  action  rests. 

95.  The  point  never  to  be  left  out  of  sight  is  that  actions 
which  are  known  to  be  preceded  and  accompanied  by  sensa- 
tions do  not  lose  their  special  character  of  Sentience,  as  actions 
of  a  sentient  mechanism,  because  they  are  not  also  preceded 
and  accompanied  by  that  peculiar  state  which  is  specially 
called  Consciousness,  i.e.,  attention  to  the  passing  changes 
(comp.  p.  356).     When  we  see  a  man  playing  the  piano,  and 
at  the  same  time  talking  of  sometliing  far  removed  from  the 
music,  we  say  his  fingers  move  unconsciously;   but  we  do 
not  conclude  that  he  is  a  musical  machine — muscular  sensa- 
tions and  musical  sensations  regulate  every  movement  of  his 
lingers ;  and  if  he  strikes  a  false  note,  or  if  one  of  the  notes 
jangles,  he  is  instantly  conscious  of  the  fact.     Either  we 
must  admit  that  his  brain  is  an  essential  part  of  the  me- 
chanism by  which  the  piano  was  played,  and  its  function  an 
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I  ■geat  in  Ihe  playing ;  or  else  we  must  admit  Umt 
k  bnun  and  iU  function  were  not  essential,  and  therefore 
I  playiDjt  would  ooodnoe  if  the  brain  were  removed.  In 
tbfl  Utter  case,  vre  should  have  a  musical  automaton.  That 
>  putionlar  grotip  of  sensauons,  Guch  as  musical  tones,  will 
•I*  piling  a  particular  group  of  muscular  movitnienls,  without 
th«  interventioa  of  any  eonaeioiu  elTort,  ia  not  more  to  be 
inwrpret^d  on  purely  mecbanicsl  principles,  than  that  a  pai^ 
r  phraso  will  cause  a  story-t«Iler  to  repeat  a  funiiliar 
r  an  old  soldier  "  to  fight  lii»  baltlKs  o'er  Again." 


,  Let  us  now  paAf)  to  another  consideration,  namely. 
Qiar  Consciousness — however  interpreted — la  legitimately 
nved  as  a  factor  in  the  so-called  conscious  and  voluntary 
;  or  is  morrly  a  collateral  result  of  cerlain  urj^ic  oc- 
fivitica  T  Tu  answer  Uus,  we  unist  first  remember  that  Con- 
mioMneaa  is  a  purely  snbjMlive  prooess ;  although  we  may 
Uflwve  it  to  be  objectively  a  neoral  process,  we  are  nerertbe- 
Uas  paaaiof;  out  of  the  region  of  I'hyaiolo^  when  we  spealc 
of  FwUng  deUimiining  Action.  Motion  may  dctcnnine 
Motion;  I<ut  Fe<-Ung  can  only  doMrmira;  Feeling.  Yet  w« 
do  M  speak,  and  are  jnstitics).  For  thereby  we  implicitly 
declare,  what  Psychology  explicitly  teaches,  namely,  that 
Umm  (WO  widely  difierent  aspects,  objectivo  and  snbjocliVB, 
wm  hot  the  two  faces  of  one  and  the  same  reality.  It » thtu 
indiflsrent  whetlier  wo  Huy  a  scjisation  is  a  neural  prooew,  or 
m  BMBtkl  process :  a  molecular  change  in  the  nervotts  systent, 
«  a  ebansB  in  Feeling,  it  is  cither,  and  it  is  botli,  as  1  have 
daevher«  explained.*  lliere  it  was  ar^cd  that  the  cun«nt 
kypotltesia  of  a  neoinl  process  must's^  the  mental  process — 
moleealar  mo\-ement  h«3ing  in  some  mystarioas  way  tmm^ 
farmMJ  into  sensation— is  not  only  incuncci^'ablc.  but  oIUh 
githtr  miMceMaty ;  whereas  tlio  hyputbe.'iid  that  the  two 
■■peeta  of  the  one  pbemnnenon  are  simply  two  diCfereot 
I,  BOW  in  terms  of  Matter  and  Motion,  and  now  in 
men,  is  in  harmony  with  all  the  induoUva 
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97.  **  It  may  be  assumed,"  says  Professor  Huxley, "  tliat 
molecular  changes  in  the  brain  are  the  causes  of  all  the  states 
of  consciousness  of  brutes.  Is  there  any  evidence  that  these 
states  of  consciousness  may  conversely  cause  those  molecular 
changes  which  give  rise  to  muscular  motion  ?  I  see  no  such 
evidence.  The  frog  walks,  hops,  swims,  and  goes  through  his 
gymnastic  performances,  quite  as  well  without  consciousness, 
and  consequently  without  volition,  as  with  it ;  and  if  a  firog 
in  his  natural  state  possesses  anything  corresponding  with 
what  we  call  volition,  tliere  is  no  reason  to  think  that  it  is 
anything  but  a  concomitant  of  the  molecular  changes  in  the 
brain,  which  form  part  of  the  series  involved  in  the  productm 
of  motion  The  consciousness  of  brutes  would  appear  to  be 
related  to  the  mechanism  of  their  body  simply  as  a  collateral 
product  of  its  working,  and  to  be  as  completely  without  any 
power  of  modifying  that  working  as  the  steam-whistle  which 
accompanies  the  work  of  a  locomotive  engine  is  vdthovi  influ- 
ence upon  its  machinery.  Their  volition,  if  they  have  any,  is 
an  emotion  indicative  of  physical  changes,  not  a  cause  of 
such  changes."  Particular  attention  is  called  to  the  passages 
in  italics.  In  the  first  is  expressed  a  view  which  seems  not 
unlike  the  one  I  am  advocating,  but  which  is  contradicted 
by  the  second.     Let  us  consider  what  is  implied. 

98.  When  Consciousness  is  regarded  solely  under  its  sub- 
jective aspect  there  is  obviously  no  place  for  it  among  mate- 
rial agencies,  regarded  as  objective.  So  long  as  we  have  the 
material  mechanism  in  view  we  have  nothing  but  material 
changes.  This  applies  to  the  frog,  with  or  without  its  brain; 
to  man,  supposed  to  be  moved  by  volition,  or  supposed  to 
move  automatically.  The  introduction  of  Consciousness  is  not 
the  introduction  of  another  agent  in  the  series,  but  of  a  new 
aspect;  the  neural  process  drops  out  of  sight,  the  mental 
process  replaces  it.  The  question  whether  we  have  any 
ground  for  inferring  that  in  the  series  there  is  included  the 
particular  neural  state  which  subjectively  is  a  state  of 
Consciousness,  must  be  answered  according  to  the  evidence. 
Well,  the  evidence  shows  that  the  actions  do  involve  the 
co-operation  ;  and  this  Professor  Huxley  expresses  when  he 
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MVK  that  the  U)uU>cular  cbanges  in  the  brain  funii  pnrt  of  tho 
wn«s  involved  iii  the  production  of  motion.  Whether  we 
ni^rard  the  process  objectively  as  a  aeries  of  molecular  cliatigva, 
■•r  Bul'ji^tively  tut  u  successiun  of  scntiunt  chtinges,  the  Num 
of  wliicli  in  on  ihu  one  side  a  motor  impnlae,  on  tho  other  a 
■tatu  Iff  coRsciousnoits,  we  innst  deelaro  Corisciousnetw  lo  be 
■a  agent,  it  lAf  aamt  xenxe  that  we  declare  one  ek/inge  in  the 
wrganiam  lo  be  an  agent  in  sonu  other  ehan/fe.  The  facts  are 
tbd  same,  whuthur  we  express  them  in  phyBioto};ieal  or  in 
f«ycholoj^cal  t^^mis.  The  physinlogtst,  linviti^  only  tlie 
material  a^pt-ct  of  tiie  organism  in  view,  says,  "  A  cerebral 
proeeas  iuitiaten  a  iiioUir  process;"  the  jisychologisl  says, 
"A  Bensatiou  determines  an  action."  Unleaa  ihe  two  pro- 
naaea  have  been  linked  together  by  an  oi^uic  diii]io8ition, 
natit-e  or  acquired,  there  will  bv  no  auch  motor  process  fol- 
ktwin^  the  ct^rvbrnl  process,  A  iio<j  standing  outaide  tho 
gun  U  uiiablff  to  ring  the  bell,  thoiigti  havinj;  Bct-n  unotlivr 
do)'  ring  it,  he  may  wixh  to  do  ito;  but  thtt  cereI>Tnl  proccex 
fhia  wiali)  is  not  linked  on  to  the  needful  motor  proceso — he 
baa  not  learned  to  rcahsu  the  wish ;  whereas  the  other  do;;, 
having  by  trial  hit  u]xia  tlie  ri^ht  mode  of  directing  his 
nin-iclea,  lias  registered  this  exj>erienc«,  and  can  ring  tho  boll. 
Till'  oi^ni.4rd  diflpoeition  which  cnablea  the  dog  to  do  this 
■y  tnily  cnou^rh  )«  called  a  modiliration  of  tlie  mechanism  -, 
it  what  wo  lutve  hero  to  noto  is  thnt  a  sensation  orij^nnlly 
ii4-i«niiiiuMl  thi!  movement,  and  always  determines  it. 

09-  It  is  tlic  uufortunato  imihi^iity  of  the  wonl  Conscioua- 
nesa,  ami  the  (lut^tionable  hypntln^is  of  the  brain  Iniin;; 
the  sole  aeat  of  Sensibility,  which  darken  ttiin  investigation. 
Becaoae  animals,  after  the  brain  has  been  removed,  are  movd 
to  pKrfunn  nrtain  aclions  as  deftly  as  before,  they  are  said 
to  palona  iIirm;  without  the  iiit€'r%'ention  of  Consciousncas ; 
when  alt  that  is  proved  l<y  lliv  facts  is  thot  tliesu  octiona  ant 
l«rf(iniied  without  the  intenention  of  tlie  brain.  In  support 
of  tJiia  explanation,  examples  arc  ciu^d  of  unconsciona  actions 
imfomiod  by  human  beings.  Elut  if  we  assign  Sensibility  not 
to  otu)  put  of  tho  nervous  t^Ntem  exclusively,  but  to  the  whole, 
«»  cftD  imdily  undentand  how  ibti  Iohs  of  a  part  will  l« 
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manifested  by  very  marked  changes  in  the  reactions  of  the 
whole,  and  yet  not  altogether  prevent  the  reactions  of  the 
parts  remaining  intact.  An  animal  must  respond  somewhat 
difTerently  with  and  without  a  brain.  One  marked  difiference 
is  the  spontaneity  of  the  actions  when  the  brain  is  intact,  and 
the  loss  of  much  spontaneity  when  the  brain  is  injured  or 
removed.  Cerebral  processes  prompt  and  regulate  actioni^ 
as  the  pressure  of  the  driver  on  the  reins  prompts  and 
regulates  the  movements  of  the  horses ;  but  the  carriage  is 
moved  by  the  horses  and  not  by  the  driver;  and  the  action  is 
executed  by  the  motor  mechanism,  whether  the  incitation 
arise  in  a  cerebral  process  or  a  peripheral  stimulation. 

100.  If  we  admit  that  Consciousness  is  itself  an  organic 
process,  accompanying  the  molecular  changes  as  a  convex 
surface  accompanies  a  concave,  we  must  also  admit  that  its 
fluctuations  are  adjustments  and  readjustments  of  the  organic 
mechanism,  and  that  the  actions  are  the  effects  of  these— 
their  resultants.  The  loss  of  the  brain  must  obviously  caose 
a  great  disturbance  in  these  adjustments.  We  may  call  that 
a  loss  of  Consciousness,  if  we  choose  to  limit  the  term  to  one 
mode  of  sentient  reaction.  But  this  loss  of  a  mode  does  not 
change  those  reactions  which  persist  so  as  to  convert  them  into 
purely  mechanical  reactions.  A  troop  of  soldiers  may  have 
lost  its  directing  officer,  but  will  fight  with  the  old  weapons 
and  the  old  intelligence,  though  not  with  the  same  conver- 
gence of  individual  efforts.  A  frog  or  a  pigeon  no  more  acts 
as  well  without  a  brain  as  with  a  brain,  than  the  troop  of 
soldiers  fights  as  well  without  an  officer. 

101.  Having  thus  claimed  a  place  for  Consciousness  in  the 
series  of  organic  processes,  let  us  now  see  whether  it  has  a 
place  among  the  active  agencies.  According  to  Professor 
Huxley  it  is  not  itself  an  agent,  but  only  the  "  collateral  pro- 
<luct  of  the  working  of  the  machine."  It  accompanies  actions, 
it  does  not  direct  them.     It  is  an  index,  not  a  cause. 

Surely  it  seems  more  accurate  to  say  that  it  accompanies 
and  directs  the  working  ?  It  accompanies  the  working  in 
two  senses:  first,  as  the  subjective  tispect  of  the  objective 
process;  secondly,  as  the  change  which  produces  a  subse- 
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r|tii!Dt  cha:ig(r,  that  is  to  eiay,  Lbo  movemenU  imtiatoil  by  a 
faoling  lire  thomsulvua  also/itA  at  Dutj/  pais ;  and  tim  fouling 
taun  iaUt  the  gunemi  strutun  of  simiUtaneAiiB  excitations  out 
of  wliich  uev  movomeiits  and  feelings  arise ;  or  to  expre^  it 
pfaysiologicaUy,  the  sensory  impressions  determine  muscular 
iKiveineat«,  which  in  turn  react  on  the  oerve-centres,  and 
these  nactions  blend  with  the  general  excitation  of  reflected 
aod  tvrvflecU^  processes. *  Since  every  change  in  Consciou»- 
BOM  i»  a  cliange  in  the  seDlieut  orguuiaui,  whicli  ubjeo 
tively  is  a  change  in  the  ner>'oua  centres,  the  working  of  th« 
Dtecbanism  being  itself  a  dependent  series  of  such  change*^ 
each  movement  tniiEt  havo  a  reHocted  infiaeiice  on  the  general 
stata  This  rvUected  influence  may  be  viewed  na  a  collateral 
PTodnrt  of  the  working ;  but  there  is  no  real  analogy  between 
it  and  the  whistle  of  the  steam-engine,  because  this  reflected 
infliunoe  demonstrably  does  intervene  in  the  nluytient  move- 
iiuiata.  The  feeling  which  accompanies  or  follows  a  particu- 
lar movement  caimot  indeed  modify  tkaC  movement,  sinoe 
that  is  already  set  going,  or  has  passed ;  here  there  is  soma 
analogy  to  the  atoam-wbistlo ;  but  the  analogy  fails  ia  the 
nibaeqacnt  history ;  no  movementa  whatever  of  the  stMSl- 
engiiw  are  modiriud  by  the  whistle  which  accompatiiee  tba 
working  of  that  engine ;  yet  bow  the  reflected  influ«noe 
modifies  the  working  of  the  organism !  If  the  hand  be  paaatng 
fflver  a  surface,  there  ia,  accompanying  this  movement,  a  nie- 
eeasion  of  muscular  and  tactile  feelings  which  may  be  said  to 
be  euUateml  prrxlucts.  But  the  feeling  which  aetompamu 
one  muscular  contniction  is  U»rl/  the  utmulut  of  the  oaxt 
oontnctioD ;  if  nnywhere  during  tlit^  paasage  the  hand  ogoua 
Bpon  a  spot  on  the  surfm-e  which  is  wet,  or  rough,  the  ohasgB 
in  feeUng  than  prodace<l,  although  a  collateral  product  of  the 
auvemeut,  instantly  changes  the  direction  of  the  hand,  ana- 
panda  or  altLTH  the  com«c — that  is  to  say,  tlaaeoilaUral  frmimet 
af  CMS  motmifnt  hteomea  a  directing  /odor  m  iKe  ttieceedity 
matemaU.    Mow  this  is  prucinly  what  no  aatonatoa  out 

*  "  La  Mntiment  tut  naltre  !■  inoaTcineiit,  at  le  numranient  itmtm 
■  Ml  •MittTiiFtiL''— Vav  Dkbp  :   7>ma»  m  i)l»—wtw  far  to 
1, 1841,  p.  lOI, 
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effect,  unless  for  changes  that  are  prearranged.  A  steam- 
engine  drives  its  locomotive  over  the  rails,  be  they  smooth  or 
rough,  entire  or  broken ;  it  whistles  as  it  goes,  but  no  whisfling 
directs  and  redirects  its  path. 

102.  Volition  is  said  to  be  an  "  emotion  indicative  of 
physical  changes,  not  a  cause  of  such  changes."  Here  it 
is  necessary  to  understand  in  what  sense  the  term  cause  is 
employed.  I  should  prefer  stating  the  proposition  thus:  a 
volition  is  a  state  of  the  sentient  organism,  indicative  of  phy- 
sical changes  which  have  taken  place,  and  of  changes  which 
will  take  place.  Because  it  is  the  expression  of  the  first  group 
of  changes,  it  cannot  be  their  ori|7in;  but  it  can  be,  and  is  the 
origin  of  the  second  group,  which  it  initiates.  The  indigna- 
tion excited  by  an  insult  or  a  blow  is  not  the  origin  of  the 
emotion  or  the  pain,  but  it  is  the  origin  of  the  actions  which 
are  prompted  by  this  sentient  state.  In  fact  no  sooner  do 
we  admit  that  the  organism  is  a  sentient  mechanism,  than 
the  conclusion  is  irresistible  that  Sensibility  is  a  factor  in  the 
working  of  that  mechanism. 

103.  "  Much  ingenious  argument,"  says  Professor  Huxley, 
"  has  at  various  times  been  bestowed  upon  the  question :  How 
is  it  possible  to  imagine  that  volition  which  is  a  state  of  con- 
sciousness, and  as  such  has  not  the  slightest  community  of 
nature  with  matter  and  motion,  can  act  upon  the  moviug 
matter  of  whicli  the  body  is  composed,  as  it  is  assumed  to  do 
in  voluntary  acts  ?   But  if,  as  is  here  suggested,  the  voluntary 
acts  of  brutes — or  in  other  words,  the  acts  which  they  desire 
to  perform — are  as  purely  mechanical  as  the  rest  of  their 
actions,  and  are  simply  accompanied  by  the  state  of  con- 
sciousness called  volition,  the  inquiry,  so  far  as  they  ai*e  con- 
cerned, becomes  superfluous.     Their  volitions  do  not  enter 
into  the  chain  of  causation  of  their  actions  at  all.  ...  As 
consciousness  is  brought  into  existence  only  as  the  conse- 
quence of  molecular  motion  in  the  brain,  it  follows  that  it  is 
an  indirect  product  of  material  changes.     The  soul  stands 
related  to  tlie  body  as  the  bell  of  a  clock  to  the  works,  and 
consciousness  answers  to  tlie  sound  which  the  bell  gives  out 
when  it  is  struck."     This  has  been  answered  in  the  foregoing 
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7iii;;cs;  nor  <lo  I  think  the  ivader  who  has  recognised  the 
aiDbi*(uity  of  the  term  Consciousness,  and  the  desirability  of 
replacing  it  in  this  discussion  by  the  less  equivocal  term 
Sentifnro.  will  need  more  to  l)e  said. 

104.  The  important  question  whether  reflex  actions  are 
insentient,  and  therefore  mechanical,  will  occupy  us  in  the 
next  problem.  The  question  of  Automatism  which  has  been 
ar;nieii  in  the  preceding  chapters,  may,!  think,  be  summarily 
di8po9e<l  of  by  a  reference  to  the  irresistible  evidence  each 
man  carries  in  his  own  conf^ciousness  that  his  actions  are  fre- 
quently— even  if  not  always— nletermined  by  feelings.  He  is 
t|aite  certain  that  he  is  not  an  automaton,  and  that  his  feel- 
ings arc  not  simply  collateral  products  of  his  actions,  without 
tlie  pow«»r  of  modifyini;  and  originating  them.  Now  this 
fundamental  fact  Ccinnot  l>c  displaced  by  any  theoretical 
explanation  nf  its  factors.  Nor  would  this  fundamental 
truth  l>e  rentlrrcd  doubtful,  even  supiK)sing  we  were  to  grant 
to  \hv  full  all  that  is  adduce<l  as  evidence  that  sr/tne  actions 
uvre  the  result  f»f  ]nirely  mechanical  processes  without  sen- 
tience at  all.  I  am  a  cou-^cious  or^nmism.  even  if  it  l^e  tme 
tbat  I  soniPtimi's  act  unconsciously.  I  am  not  a  machine, 
even  if  it  be  true  that  I  sometimes  act  mechanically. 
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**9i  oainat  patrtt  lio,  at  Ego  non  sio." 

Abelaed  :  Sic  H  Ifon, 

**  Will  man  bestitumeD  wo  <ler  Mechaniamas  aafhtet  and  wo  dor  Wills 
aaliBft  to  Ut  die  Frage  iiberfaaopi  falich  geatellt.  Denn  man  aettt  bier  Begiiffo 
•inander  gegenOber  die  gar  keine  Oegenaitae  lind.  Vorgebildei  in  den  me- 
chMuachen  Bedingungen  det  Nerrcnayateoit  tind  alU  Bewegungen." 

Wu.vi>T :  Fkp$ioloffueh€  PipehOogie, 

'*  SoUte  die  lo  durchaichtige  Ilomologie  iwiscfaen  Uirn  nnd  RQckenmark,  wie 
■•lebe  aich  tebUgend  in  Uau  und  Entwicklung  dartbut,  weeentliob  andere  pbj- 
Mologiacbe  QnaliUtcu  bcdingen?" 

LoscuiNUBR  in  Pjtiii/cr's  Arckiw,  Bd.  xiv.  384. 
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THE   PKOBLEU  STATED. 


^1.  Thk  peculiarity  of  the  Itctlcx  Theory  is  its  exclusion  of 
uibility  from   the  actions   clafaoil   aa   rellex;  iii   conse* 
I  of  wliicU,  llic  iictiutis  nre  umsiJcnii  tu  bu  "  pimly 


I  deuies  that  most  of  the  rcHex  actions  often  havo 
g  seiiiutiniiH  preceding  and  accompanying  thvm,  hut 

Qteae  are  eaid  not  to  be  easpnlial  to  the  perf'onnanre  of  tlie 
action*,  because  they  may  be  absent  and  the  actions  stJU  take 

II  is  notorious  that  wo  brcAthc,  wink,  swallow,  &c., 
BT  wn  are  conscious  uf  these  actions  or  nut.    Our  cun- 

rion  tberefure  is  that  theM  peculiar  st^te^  of  ConscidtisntM 
f, not  esseutiat  to  Uie perfonnaDit'  of  the»e  actionx. 
I  bet  is  pdtent,  the  conclusion  irresistible.  But  now  con- 
r  tht)  c<|nivoqae :  l>ecaiise  an  ncti'm  takes  place  without 
r  being  con»cious  uf  it,  the  ai-tion  Is  said  to  have  had  no 
1  dotvmiining  it.  This  wliicb  is  a  truism  when  wo 
;  ConsciouHne.ts  to  one  uf  the  special  modes  of  Seniii- 
Ttlity,  or  limit  Sensation  to  this  limited  Consciousness,  is 
a  fidsism  when  we  accept  Consciousness  as  the  total  of  all 
combinod  Miuiibilities,  or  Svnsation  as  the  reaction  of  the 
■cfMory  mechanism.  That  a  reflex  action  is  dvtvrtninod  by 
the  eensory  nn'choitism.  no  cue  dispute* ;  whether  th»  rtuir* 
lion  of  a  sensury  mechanism  shall  be  called  a  senMition  or 
Bot,  is  a  i|aestioD  of  tenits.     I  have  Khuwn  why  it  ntust  be  so 
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called  if  any  tliiug  like  coherence  is  to  be  preserved  in  physio- 
logical investigations ;  and  I  have  more  than  once  suggested 
that  the  fact  of  intellectual  processes  taking  place  at  tunes 
with  no  more  consciousness  than  reflex  actions,  is  itself  suffi- 
cient to  show  that  a  process  does  not  lapse  from  the  mental 
to  the  meclianical  sphere  simply  by  passing  unconsciously. 

Inasmuch  as  an  organism  is  a  complex  of  organs,  its  total 
function  must  be  a  complex  of  particular  functions,  each  of 
which  may  analytically  be  treated  apart.  Vitality  is  the 
total  of  aU  its  physiological  functions,  and  Consciousness  the 
total  of  all  its  psychological  functions.  But  inasmuch  as  it 
is  only  in  its  relation  to  the  whole  that  each  part  has  func- 
tional significance,  and  cannot  therefore  be  isolated  in  reality, 
as  it  is  in  theory — cannot  live  by  itself,  act  by  itself,  indepen- 
dently of  the  organism  of  which  it  is  an  oigan,  there  is  strict 
accuracy  in  saying  that  no  particular  sensation  can  exist 
without  involving  Consciousness ;  for  this  is  only  saying  that 
no  sensory  organ  can  react  without  at  the  same  time  involv- 
ing a  reaction  of  the  general  sensorium.  But  since  this 
general  sensorium  is  simultaneously  affected  by  various  exci- 
tations each  of  which  is  a  force,  every  sensation,  perception, 
emotion,  or  volition  is  a  resultant  of  the  composition  of  these 
forces ;  and  as  there  can  be  only  one  resultant  at  a  time,  to 
be  replaced  by  another  in  swift  succession,  tliis  one  repre- 
sents the  state  of  Consciousness,  and  this  state  may  or  may 
not  be  felt  under  the  peculiar  mode  named  "  Consciousness," 
in  its  special  meaning.  In  other  words,  the  reaction  of 
a  sensory  organ  is  always  sentient,  but  not  always  con- 
sentient. 

2.  Let  us  illustrate  this  by  the  sensation  of  musical  tone. 
When  w^e  hear  a  tone  we  are  aflected  not  only  by  the  fun- 
damental tone,  representing  the  vibrations  of  tlie  sounding 
body  as  a  whole,  but  also  by  the  harmonics  or  overtones, 
representing  the  vibrations  of  the  several  parts  of  that  whole. 
It  is  these  latter  vibrations  which  give  the  tone  its  timbre,  or 
peculiar  quality;  and  as  the  harmonics  are  variable  with  the 
variable  structure  of  the  vibrating  parts,  two  bodies  which 
have  the  same  fundamental  tone  may  have  markedly  different 
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There  arc  aome  tones  which  are  almost  entirely 
frm  from  hannonics;  tliat  is  to  say,  their  hamiunics  are  too 
Uuti  for  our  ear  to  appreciate;  them,  though  we  knov  that 
■  vibradona  roust  be  present.  Apply  thin  to  the  excitations 
e  aensoriam.  Each  excitation  vill  Imvp  iis  fundamental 
;,  aod  more  or  less  accom[)nu}-iiig  thrills  of  other  feel- 
:  it  is  the^e  thrills  which  are  the  harmonics,  giving  to 
I  eiciuuicn  its  specific  quality;  but  they  may  be  so 
(  that  no  sj^iecific  quality  is  discriminated.  A  fly  settles 
\nt  hand  while  you  are  writing,  the  faint  thrill  which 
inpwiit^  this  excitation  of  your  sensory  nerve  gives  the 
:  sensation  of  tickling,  and  this  causes  you  to  mov« 
r  band  witli  a  jerk.  If  your  attention  is  preoccupiM],  you 
1  to  b«  unconscious  of  the  sensation,  and  the  jork  of 
r  tuuid  is  called  a  reflex  action;  but  if  your  attention  is 
I  ptvoccupied,  or  if  the  thrill  is  vivid,  you  arv  said  to  be 
s  of  the  aensatiou,  and  the  action  is  no  longer  reflex. 
I  volitional.  Obviously  here  the  difference  depends  not  on 
ftMOtient  excitation  by  an  impression  on  the  nerve,  but  on 
)  of  the  gcovml  sensorium  and  its  consequent  rcao- 
Had  not  llie  impres-tiou  been  carried  to  the  si'iisortum. 
ratnent  would  have  followed  the  fly's  alighting  on  your 
I  no  sensation  (sensory  reaction)  would  have 
K  excited ;  ihi-  hypothesis  of  a  purely  mechanical  reflex  is 
B  ioaduussiblii. 

,  Or  take  another  case.     It  aoinetimes  happens  tlmt  wo 

i  ssleep  while  Boroe  one  ia  reading  to  ua  aloud,     llie 

I  of  the  reader's  voioo  at  first  awaken  the   familiar 

whldi  giv9  the  toucs  thvir  quality,  and  the  wonls 

ince ;  but  gradually  as  alwp  atcals  over  aa,  the 

B  to  react  thus ;  the  words  Io«e  more  and  more 

t,  the  tones  lose  more  and  more  of  their 

i;  at  Inst  wo  pass  into  the  state  of  imuonsciouBoeaa 

)  to  hour  what  ia  nnuL     Rut  do  wo  coase  to  feel  T 

MVe  not  /uard,  but  we  havu  boi-u  affected  by  thu  sounds. 

isbahle  sensations ;  neveTtlielcss  a  state  of  the 

[bflity  bos  been  induced.     To  prove  that  we  liavit 

His  cosy.    Let  the  reader  suddenly  cease,  and  if  our 
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sleep  be  not  too  profound,  we  at  once  awake.  Now,  unless 
the  sound  of  his  voice  had  affected  us,  it  is  clear  that  the  cessa- 
tion of  that  could  not  have  affected  us.  Or  let  us  suppose 
our  sleep  to  be  unbroken  by  the  cessation  of  the  sound ;  even 
tliis  will  not  prove  that  we  have  been  unaffected  by  tlie 
sounds,  it  will  merely  prove  that  those  sounds,  or  their  cessa- 
tion, did  not  excite  a  conscious  state.  For  let  the  reader,  in 
no  louder  tone,  ask,  *'Are  you  asleep?"  and  we  start  up, 
with  round  eyes,  declaring,  "  Not  at  all"  Nay,  should  even 
this  question  fail  to  awaken  us,  the  speaker  need  only  utter 
some  phrase  likely  to  excite  a  thrill — such  as, "  There's  the 
postman ! "  or,  "  I  smell  fire  I "  and  we  start  up. 

I  remember  once   tiding  the  experiment  on  a  wearied 
waiter,  w^ho  had  fallen  asleep  in  one  of  the  unoccupied  boxes 
of  a  tavern.     His  arm  rested  on  the  table,  and  his  head  rested 
on  his  arm :  he  snored  the  snore  of  the  weary,  in  spite  of  the 
noisy  laughter  and  talk  of  the  guests.     I  called  out  "  John- 
son," in  a  loud  tone.     It  never  moved  him.     I  then  called 
"  Wilson,"  but  he  snored  on.     No  sooner  did  I  call  "  waiter," 
than  he  raised  his  head  wdth  a  sleepy  "  yessir"    Now,  to  sup- 
pose, in  this  case,  that  he  had  no  sensation  when  the  words 
"  Johnson  "  and  "  Wilson  "  reached  his  ears,  but  had  a  sensa- 
tion w^hen  the  word  "  waiter "  reached  his  ears,  is  to  suppose 
that  two  similar  causes  will  not  produce  a  similar  efiTect. 
The  dissyllable  "  Johnson  "  would  excite  as  potent  a  reaction 
of  his  sensory  organ  as  the  dissyllable  "waiter;"  but  the 
thrills — the  reflex  feelings — were  different,  because  the  word 
"  Johnson  "  was  not  associated  in  his  mind  with  any  definite 
actions,  whereas  the  word  "  waiter "  was  so  associated  as  to 
become  an  automatic  impulse.* 

4.  Two  sisters  are  asleep  in  the  same  bed,  and  a  child 
cries  in  the  next  room.  The  sounds  of  these  cries  will  give 
a  similar  stimulus  to  the  auditory  nerve  of  each  sister,  and 
excite  a  similar  sensory  reaction  in  each.    Nevertheless,  the 

•  Dr.  Carpenter  tells  a  similar  story  of  Admiral  Codrinqton,  who, 
when  a  midshipman,  could  always  be  awakened  from  the  profoundest 
slumber  if  the  word  "signal"  were  uttered;  whereas  no  other  wonl 
disturbed  him. 
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r  sleeps  on  undisturbeil,  ami  is  aaid  not  to  boar  llio 
The  oihor  springs  out  of  Ijcd,  and  utteiida  tn  t)ie  cliilil, 
I  >bo  being  acciLitomcd  to  att«nd  on  tlio  child  and 
(  it  vhen  crying,  the  primary  sensation  haa  excited 
•eamduy  sensations,  thrills  which  load  to  accuKtomod 
■ciiooa.  Conld  we  look  into  the  mind  of  tlio  sleeping  BisiuT, 
we  should  doubtless  find  that  the  scniiation  excit«<I  by  Uio 
diild's  cry  had  merged  itself  in  the  general  stream,  and 
jMrliaps  raodififd  her  dreams,  l£t  her  become  a  mother,  or 
Uke  OD  t)ie  tender  duties  of  a  motlier,  and  her  vigilance  will 
«ciaal  that  of  her  sister;  because  the  cry  will  thrn  excite  u 
delinil«  relics  f(.<olin^,  and  a  definite  coumo  of  action.  Itut 
Uiis  TPry  ti»U-t,  who  la  so  sensitive  to  the  cry  of  a  child, 
wtU  be  Mn<1i3lur1>od  by  a  much  louder  noise;  a  do^  may 
baric,  or  a  heavy  waggon  thunder  along  the  atroet,  wiUiout 
caaaio;;  ber  to  turn  iu  bed.* 

AUbouf>h  during  sleep  the  nervous  centres  have  by  no 
ncsm  tlteir  full  activity,  they  arc  always  capable  of  resiwnd- 
ing  to  a  ftinmlus,  and  sensation  will  always  be  prmlnced. 
VilieD  tbe  servant  taps  at  your  bedroom  door  in  the  morning. 
I  are  said  not  to  bear  the  tap,  if  asleep ;  you  do  not  p<ir> 
B  it ;  bat  the  sound  reaches  and  rouses  you  neverth«le», 
<  when  the  secoml  tap  conies,  allboii^h  no  louder,  you 
tly  TCCOgai*c  it  In  etherised  patienta,  sensation  is 
inUj  obMmd  returning  before  any  consciousness  of 
b  is  {Oing  OD  Tetoms.  "  I  was  called,"  saj-a  Mr.  I'otter, 
0  ^ve  ehionform  to  a  lady  for  the  extraction  of  t«n  tooth. 
Tbn  first  five  were  extnu-tvd  withont  the  slightest  movement, 
but  as  the  opejiLtion  proceeded,  sensation  retamed,  and  I 
I  obliged  to  use  considerable  force  to  keep  her  in  the 
r  dnrtng  tlie  extraction  of  the  last  tofrth.  ^bu  eame  t^ 
r  Vflfy  shortly  after,  and  was  delighted  to  find  slie  had 
r  all  her  troubles  without  having  felt  it  tile  least  in 
.-t 
I  do  not  see  the  stars  at  noonday,  yet  they  shine. 

'OnuTUi)  an  intemlinc  ppnantd  eianple  given  hy  Joumor, 
1  tn  Sir  W.  IlAiiaroM's  Ltttum,  i.  3JI. 
MMN^iodi  July  1858. 
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We  do  not  see  the  sunbeams  playing  among  the  leaves  on  a 
cloudy  day,  yet  it  is  by  these  beams  that  the  leaves  and  all 
other  objects  are  visible.  There  is  a  general  illumination 
from  the  sun  and  stars,  but  of  this  we  are  seldom  aware, 
because  our  attention  falls  upon  the  iUumined  objects, 
brighter  or  dai'kcr  than  this  general  tone.  There  is  a  sort  of 
analogy  to  this  in  the  general  Consciousness,  which  is  com- 
posed of  the  sum  of  sensations  excited  by  the  incessant 
simultaneous  action  of  internal  and  external  stimulL  This 
forms,  as  it  were,  the  daylight  of  our  existence.  We  do  not 
habitually  attend  to  it,  because  attention  falls  on  those  parti- 
cidar  sensations  of  pleasure  or  of  pain,  of  greater  or  of  less 
intensity,  which  usurp  a  prominence  among  the  objects  of 
the  sensitive  panorama.  But  just  as  we  need  the  daylight 
to  see  the  brilliant  and  the  sombre  forms  of  things,  we  need 
this  living  Consciousness  to  feel  the  pleasures  and  the  pains 
of  life.  It  is  therefore  as  erroneous  to  imagine  that  we  liave 
no  other  sensations  than  those  wliich  we  distinctly  recognise 
— as  to  imagine  that  we  see  no  other  liglit  than  what  is 
reflected  from  the  shops  and  equipages,  the  colours  and 
splendours  which  arrest  the  eye. 

The  amount  of  light  received  from  the  stars  may  be  small, 
but  it  is  present.  The  greater  glory  of  the  sunlight  may 
render  this  starlight  inappreciable,  but  it  does  not  render  it 
inoperative.  In  like  manner  the  amount  of  sensation  received 
from  some  of  the  centres  may  be  inappreciable  in  the  pre- 
sence of  more  massive  influences  from  other  centres ;  but 
though  inappreciable  it  cannot  be  inoperative — it  must  form 
an  integer  in  the  sum. 

6.  The  reader's  daily  experience  will  assure  him  that  over 
and  above  all  the  particular  sensations  capable  of  being 
separately  recognised,  there  is  a  genei-al  stream  of  Sensation 
which  constitutes  his  feeling  of  existence — the  Consciousness 
of  himself  as  a  sensitive  being.  The  ebullient  energy  which 
one  day  exalts  life,  and  the  mournful  depression  which  the 
next  day  renders  life  a  burden  almost  intolerable,  are  feelings 
not  referable  to  any  of  the  particular  sensations,  but  arise 
from  the  massive  yet  obscure  sensibilities  of  the  \4scei'a, 
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vhicb  form  so  important  a  part  of  tlie  geiioral  fttream  of  Scii- 
Mtion.  Somu  of  tlicsu  may  cmergG  into  distinct  recognitioii. 
We  uuy  feci  the  heart  Kat,  the  iutcstiuos  move,  tha  glands 
wovle;  anytiiiug  uniwial  in  their  action  will  forco  it«ulf  on 
gur  attention. 

"  What  we  have  been  long  used  U\"  eays  Wliytt,  "  we 
Lectnoe  scarcely  sensible  of;  while  things  which  are  new, 
Uiovgli  much  more  triQing,  and  of  weaker  impression,  afTuct 
tu  ranuifkably.  Thus  ho  who  is  wont  to  spuad  bia  tiins  in 
tlie  ooontr}-  is  surprisingly  affticted.  upon  Krat  coming  int«  a 
IKipntous  city,  with  the  noise  and  hustle  wliich  prevail  there : 
of  tJiis,  however,  he  becomes  daily  less  sensible,  till  at  length 
be  n>gBnls  it  no  more  than  they  who  have  been  used  to  it  all 
tLeir  lifetime.  Tbu  saino  eli:iiis  tu  ho  the  cnstt  also  witti 
wliat  jMUses  within  our  bodi<;s.  Few  poraons  in  hvulth  feul 
tbi:  beating  of  thutr  heart,  though  it  strikes  against  tlieir  riW 
witli  coiuuderable  force  every  second ;  whereas  tlie  uiution  of 
a  fly  upon  one's  face  or  hands  occasions  a  very  sensible  and 
uneasy  titillation.  The  pulsation  of  the  great  aorta  it^x-lf 
b  wholly  unobserved  by  us;  yet  lliii  unusual  beating  of 
a  ainttU  artvry  in  any  of  the  fingora  becomes  very  re- 
marluible." 

7.  A  huge  amount  of  sensation  i»  derivi-d  from  the  diu8< 
iiUir  sense,  yet  we  are  not  aware  of  the  nice  adjustment  of 
ilie  tuOBclcs,  rvgulated  by  this  sensibility,  when  we  sit  or 
walk.  No  sooniir  oro  we  placed  in  an  excopLional  position, 
as  in  walking  on  a  narrow  ledge,  than  wo  becomu  disliiiiMly 
twar«  of  the  eObrt  nit^uircd  to  preserve  tHiuilibrium.  It  is 
DDt  the  novelty  of  the  position  which  has  increased  our  seu- 
sibilily;  that  has  only  caused  ua  to  attend  to  our  sensationa. 
In  like  manner,  the  various  strt'ama  of  sensation  whieli  make 
up  our  gvucral  sense  of  oxisti^nce,  separal«?ly  csm-aim)  notice 
until  one  of  them  becomes  olMtruulod,  or  incn-aw*  in  im- 
petoosity.  When  we  are  seated  at  a  window,  and  look  out  at 
tbe  tic«f  and  sky,  we  are  so  occupied  with  the  aspects  and 
tltf  vuicw  of  extvmal  Nature,  that  no  attention  whatever  is 
giren  to  tha  fact  of  our  own  existonce ;  yet  all  this  while 
then  ku  beou  a  muoive  and  difluatve  feuliug  arising  from 
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the  organic  processes ;  and  of  this  we  become  distinctly 
aware  if  we  close  our  eyes,  shut  off  all  sounds,  and  abstract 
the  sensations  of  touch  and  temperature — ^it  is  then  perceived 
as  a  vast  and  powerful  stream  of  sensation,  belonging  to  none 
of  the  special  Senses,  but  to  the  System  as  a  whole.  It  is  on 
this  general  stream  that  depend  those  well-known  but  inde- 
scribable states  named  "feeling  well"  and  "  feeling  ill"— the 
lien  Sire  and  malaise  of  every  day.  Of  two  men  looking 
from  the  same  window,  on  the  same  landscape,  one  will  be 
moved  to  unutterable  sadness,  yearning  for  the  peace  of 
death;  the  other  will  feel  his  soul  suffused  with  serenity  and 
content :  the  one  has  a  gloomy  background,  into  which  the 
sensations  excited  by  the  landscape  are  merged ;  the  other 
has  a  happy  background,  on  which  the  sensations  play  like 
ripples  on  a  sunny  lake.  The  tone  of  each  man's  feeling  is 
determined  by  the  state  of  his  general  consciousness.  Except 
in  matters  of  pure  demonstration,  we  are  all  determined 
towards  certain  conclusions  as  much  by  this  general  con- 
sciousness as  by  logic.  Our  pliilosophy,  when  not  borrowed, 
is  little  more  than  the  expression  of  our  personality. 

8.  Having  thus  explained  the  relation  of  particular  sensa- 
tions to  the  general  state  of  Consciousness  considered  as  the 
function  of  the  whole  organism,  we  may  henceforward  speak 
of  particular  sentient  states,  as  we  speak  of  particular  organs 
and  functions,  all  the  while  presupposing  that  the  organs 
and  functions  necessarily  involve  the  organism,  since  apart 
from  the   organism  they  have  no  such  significance.     The 
reaction  of  a  sensory  organ  is  therefore  always  a  sentient 
phenomenon.    Apart  from  the  living  organism  there  can  be 
no  such  vital  reaction,  but  only  a  physical  reaction.    It  is 
commonly  supposed  that  sensation  is  simply  the  molecular 
excitation  of  the  cerebrum ;  yet  no  one  will  maintain  that  if 
the  cerebrum  of  a  corpse  be  excited,  by  a  galvanic  current 
sent  through  the  optic  nerve,  for  instance,  this  excitation  will 
be  a  sensation.    Whence  we  may  conclude  that  it  is  not  the 
physical  reaction  or  stimulus  which  constitutes  sensation, 
but  the  physiological  reaction  of  the  living  organism. 

9.  Now  tliis  is  the  point  which  the  advocates  of  the  Keflex 
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ilioitly  or  explicitly,  always  di-ny.     Let  us  trace 
i  of  the  fallacy,  if  possible.     When  we  remova  the 


Fk  n-ccntly-killw 


ml.  imd  k-l  n  beam  of  light  fall 


I  H,  the  ptipil  coiitrat'ts.  Tliis  is  a  purely  mecliuuicul 
kctioti ;  no  OHO  would  sujitgeM  Uiat  a  seiiBalion  det«niiined  it, 
Wbeti  we  leinove  the  leg,  and  irritate  its  nerve,  the  leg  is 
faked  ovL  This  is  also  a  purely  mechanical  action.  Vtliea 
we  remove  the  brain  from  an  animal,  and  pinch  it«  tooa.  tlie 
li^  u  witbdrawu  or  tlio  pinct^rs  am  puHhed  aaido.  Is  this 
oqaany  a  purely  mccluiatcal  notion  1  And  if  not,  why  not  T 
Tho  Rdlex  Theory  wotiM  have  us  Iwlievc  that  all  three 
CUM  were  mechanical,  at  least  in  so  far  as  they  were  all 
«)Htitute  of  Bentient  co-operation,  'i'ho  ground  for  this  con- 
cltuiou  being  the  hyjmthGsis  tlmt  the  l>rain  is  the  excluaive 
iMt  of  sensation.  The  lieilex  Theory  further  concludes  that 
nnca  these,  and  nnalogoua  actium*,  an;  performed  when  the 
hmin  ia  nmovrtl,  they,  bvin^  tliua  indciKUidcut  of  scntienen, 
may  ho  performed  when  the  brain  is  [irescnt  without  nny 
oo^petation  of  sentience.  The  grounds  for  tlus  conclusion 
being  tho  facts  that  in  the  normal  state  of  the  organism  there 
Hiwe  many  actions  of  which  we  are  sometimca  coiiacioua,  and 
■Am other  times  unconscious;  and  some  actions — such  as  the 
HHttaUUion  and  contraction  of  the  pupil  — of  which  we  arc 
IWMM"  oonsciDua.  This  observation  of  parts  detached  from 
tb4  organism  acenis  confirmed  by  olxservation  of  actions  jiosa- 
iag  in  mtr  own  orpinisnia,  ttoth  converging  to  the  conclusion 
ximt  Um  actions  in  question  ore  purely  mechanical,  involving 
DO  aeiitience  whatitver.  Wo  are  limght,  therefore,  that  tlicre 
ia  beaidea  the  sentient  mechanism,  to  which  all  conscious 
actiinu  are  referreil,  a  reflex  meclianism,  to  which  all  nnoon> 
fcinus  actions  aiu  referred.  The  cerebru-spinal  axis;,  acting 
at  a  whole,  conatitutea  the  llrat ;  the  spinal  axis,  acting  with* 
uot  tho  co-opera  til  ID  of  thti  nercbruin,  constituti.-s  the  tteoond. 
10.  ItefoTv  proceeding  with  our  cxjHtHition  of  the  tlu>ary  it 
maf  be  widl  to  statu  two  cunsiik-rations  which  must  ho  con- 
■buitly  in  view.  If  it  should  np|>ear  that  there  is  any  reason- 
able evidence  for  refusiDg  to  limit  Sensibility  to  tho  oerobmm 
1  tbts  evitleucB  I  shall  adduce — the  Itcflex  lluury  must 
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obviously  be  remodelled.    Nor  is  this  all.    We  might  see 
overwhelming  evidence  in  favour  of  the  hypothesis  that  the 
cerebrum  is  the  exclusive  seat  of  Sensibility,  and  still  reject 
as  a  fallacy  the  conclusion  that  because  certain  actions  can 
be  performed  in  the  absence  of  the  cerebrum,  therefore  those 
actions  in  the  normal  organism  are  likewise  performed  with- 
out cerebral  co-operation.   I  mean  that  it  is  a  fallacy  to  con- 
clude from  the  contractions  of  the  pupil,  and  the  jerking  of 
the  leg,  when  eye  and  leg  are  detached  from  the  organism, 
that  therefore  when  eye  and  leg  form  integral  parts  of  tbe 
organism,  such  contractions  and  jerkmgs   are  mechanical 
reflexes  without  sentient  conditions.     And  the  fallacy  is 
analogous  to  that  which  would  conclude  from  the  obsen^a- 
tions  of  a  mechanical  automaton,  that  similar  appearances 
in  a  vital  organism  were  equally  automatic  and  mechanical. 
So  long  as  both  sets  of  phenomena  are  apprehended  simply 
as  they  appear  to  the  sense  of  sight,  they  may  be  indistin- 
guishable; but  no  sooner  do  we  apprehend  them  through 
other  modes,  and  examine  the  modes  of  production  of  the 
])henomena,  than  we  come  upon  cardinal  differences.    A 
limb  detached  from  the  organism  is  like  a  phrase  detached 
from  a  sentence :  it  has  lost  its  vital  significance,  its  func- 
tional value,  in  losing  its  connection  with  the  other  parts. 
The  whole  sentence  is  necessary  for  the  slightest  meaning  of 
its  constituent  words,  and  each  word  is  a  language-element 
only  when   ideally  or  verbally  connected  with   the  other 
words  required  to  form  a  sentence ;  without  subject,  predicate, 
and  copula,  no  sentence  can  be  formed.      So  the  organic 
connexus  of  parts  with  a  living  whole  is  necessary  for  the 
simplest  function  of  each  organ ;  and  a  limb,  or  any  other 
part,  is  a  physiological  element  only  when  (ideally  or  really) 
an  integral  of  a  vital  whole.     The  organism  may  be  truncated 
hy  the  removal  of  certain  parts,  as  the  sentence  may  be 
abbreviated  by  the  removal  of  certain  phrases ;  but  so  long 
as  sul^ject,  predicate,  and  copula  remain,  there  is  a  meaning 
in  the  sentence  ;  and  so  long  as  the  organic  connexus  need- 
ful for  vitality  remains,  there  will  be  vital  function.     The 
eye  detached  from  the  organism  is  no  longer  a  part  of  the 
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Eng  whole,  it  no  lonser  liven,  its  pbonomeoa  cease  to  be 
tUaI,  its  inov(-ntent8  ccuse  to  litivc  eeuticnt  condiliona.  Tbe 
novvmi^iits  of  l))i>  pupil  nmy  seem  to  be  tlio  snuie  ns  Uiosu  of 
(Iw  living  eye;  but  wlion  we  corao  to  examine  tlu-ir  modes 
nf  prodaction,  we  learn  tint  tliey  are  not  the  Biimc.  Tlia 
Mimnlna  or  light  falUu;^  on  the  eyo  in  the  two  cases  neces- 
aorily  has  a  difh-'rent  efiect,  because  tlio  effect  is  the  result  of 
the  co-opemtiug  onuses,  and  the  eo-ojtcmtiou  in  tliu  one  com 
lit  that  of  a  lirelttss  organ,  ui  Uie  oth«r  Ihitt  of  &  liviD}; 
<  j.iuism.     So  lun^  aa  the  eye  forms  an  intui^ml  part  of  tbe 

-  iiiism,  every  stimulus  acting  on  the  cyo  uccessarily  sets 
\\w  orf^anism.  and  every  reaction  of  the  organ  is  ueccs- 

mIv  conditioned  by  the  htate  of  tiie  orgnuinin.  Furtlier. 
■-^i-iy  Miiiinlntini)  nf  a  sensory  nerve  necessarily  affects  tlie 
:;^•Ileral  seusariuin,  since  the  whole  nervous  system  is  stmc- 
ttuftlly  continuous  and  functionally  co-oporant.  (See  IVob, 
II.  JlG.)  Thorefiire,  the  atimulation  of  tho  eye,  allhoU}{h 
tnn  faint  to  lie  dificriiuiuated  as  a  conscious  sensation,  must 
enter  as  a  hculieut  tremor  into  the  general  stream  of  8<m- 
tieuce ;  ami  although  we  have  no  test  ilelicata  enough  to 
reveal  this  operation,  we  know  the  obverse  operation  of  con- 
■cioiu  sensation  on  tbe  movements  of  the  pupil — in  surprise, 
lor  example,  the  pupil  is  diluted. 

11.  There  arc  still  stronger  reasons  for  assorting  that  tlio 

vptiml  reflexes  are  nccessurily  conditioned  by  tlie  general 

stole  of  the  sennorium,  so  that  in  the  normal  organism  Vu 

-  ■•';»*  legitimately  exclude  them  from  Sentience;  and  the 

'■■x   Theory   is   therefore    unphysiological,  even   on   tho 

"thesis  tlial  the  cerebnim  is  tho  exclusive  seat  of 
-ibilily.      Tills  hyiMjlhwtis,  however,   scorns   to  mo   un- 

I  ()<1o;  and  all  tlie  olMjcned  facts  which  it  is  invented  to 

:  I[un  aiiniil  of  a  far  wore  conU9t«nt  explanation.  It  is 
irrational  to  Rupjiose  that  a  limh,  detachetl  from  the  body, 
frit  tho  stimulus  wl]ii:h  caused  its  mnarles  to  contract  TFie 
limb  is  not  n  linng  or^^uism,  having  a  sentient  mechanism 
in  its  nervims  mechanism.  Not  loss  irrational  is  it  to  su)^ 
pMD  that  when  tlic  limb  forms  an  integral  part  nf  a  living 
Mganisu.  with  a  sentient  mechanism  of  nerves  and  nen~v- 
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centres,  this  organism  does  not  react  on  the  stimulus  wliich 
excites  the  muscles  of  the  limb  to  contract ;  nor,  pursuing 
the  same  train  of  reasoning,  is  it  irrational  to  suppose  that 
when  this  living  organism  has  been  mutilated,  and  certain 
parts  destroyed,  which  do  not  in  their  destruction  preient 
the  connexus  of  the  rest,  but  leave  intact  a  sentient  me- 
chanism of  nerves  and  nerve-centres,  then  also  this  trun- 
cated organism  still  reacts  as  a  whole,  still  feels  the  stimulus 
which  causes  the  muscles  of  the  limb  to  contract  Hypo- 
thesis for  hypothesis,  we  may  at  least  say  that  the  one  is  as 
reasonable  as  the  other.  And  I  shall  be  disappointed  if, 
when  the  reader  has  gone  through  all  the  evidence  heieafter 
to  be  adduced,  he  does  not  conclude  that  the  hypothesis 
which  assigns  Sensibility  to  the  nervous  mechanism  as  a 
whole  is  not  the  more  acceptable  of  the  two. 

12.  Let  us  now  pursue  our  exposition  of  the  Keflex  Theory. 
All  that  we  have  endeavoured  to  establi&h  respecting  the 
essential  identity  of  the  processes  in  conscious  and  uncon- 
scious states,  and  voluntary  and  involuntary  actions,— an 
identity  which  does  not  exclude  diflerences  of  degree  corre- 
sponding with  these  different  terms, — is  ignored  or  denied  in 
the  Keflex  Theory.    Whereas  I  suppose  all  processes  to  be 
reflex  processes,  some  of  them  having  the  voluntary,  others 
the   involuntary  character,   physiologists    generally  distin- 
guish the  involuntary  as  reflex,  and  invent  for  this  class  a 
special  mechanism.     According  to  Marshall  Hall,  who  origi- 
nated the  modern  form  of  this  theory,  actions  are  divisible  into 
four  distinct  classes  :  the  voluntary ,  dependent  on  the  brain; 
the  involuntary,  dependent  on  the  irritability  of  the  muscular 
fibre ;  the  respiratory y  wherein  "  the  motive  influence  passes 
in  a  direct  line  from  one  point  of  the  nervous  system  to  cer- 
tain muscles ; "  and  the  rejlex,  dependent  on  the  "  true  spinal 
system  "  of  incident-cxcitor  nerves,  and  of  rejlcx-inotor  ner\'es. 
These  last-named  actions  are  produced  when  an  impression 
on  the  sensitive  surface  is  conveyed,  by  an  excitor-nerve,  to 
the  spinal  cord,  and  is  there  reflected  back  on  the  muscles 
by  a  corresponding  motor-nerve.     In  this  process  no  sensa- 
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tion  wliiitever  occurs.  The  action  is  purely  reflex,  iJUivly 
cj't'itO'mutor — like  the  action  of  an  ordinary  niechanisni.* 

lliiller,  wlio  shares  with  Marshall  Hall  the  glory  of  hav- 
ing estahlished  this  classification,  thinks  that  although  the 
ahsence  of  sensation  is  a  characteristic  of  the  rellex  actions, 
these  actions  may  bo,  and  are  at  times,  accompanied  by  sen- 
sation. **  The  view  I  take  of  the  matter  is  the  following : 
IiTitation  f>f  sensitive  fibres  of  a  sjjinal  nerve  excites  pri- 
marily a  centripetal  action  of  the  nervous  jainciple,  convey- 
ing the  impression  to  the  spinal  cord  ;  if  the  centripetal 
action  can  then  be  continued  to  the  smsorinm  commune,  a 
true  sensation  is  the  result;  if,  on  account  of  division  of  the 
cord,  it  cannot  be  communicated  to  the  sensorium,  it  still 
exerts  its  whole  influence  upon  the  cord;  in  both  cases  a 
retlex  motor  acticm  may  be  the  result."  "f" 

13.  It  is  needless  nowadays  to  point  out  that  the  exist- 
ence of  a  distinct*  svstem  of  excito-molor  nerves  beloni-s  to 
Imaginary  Anatomy;  but  it  is  not  needless  to  point  oul  that 
the  Imaginarv  Tlivsioh^gv  founded  on  it  stiil  survives.  Tlie 
hyjKjthetical  jaocess  seems  to  me  not  less  at  variaiur  witli 
(»bservation  and  induction,  than  the  hypothetical  strutiure 
invented  for  its  basis.  We  have  already  seen  that  what 
Anatomy  positively  teaches  is  totally  unlike  the  retlex  me- 
chanism popularly  imagined.  The  si-nsory  nerve  is  not  seen 
to  enter  the  spinal  conl  at  one  pi  ant,  and  j)ass  over  to  a  cor- 
responding point  of  exit;  it  is  seen  to  enter  the  grey  .»*ul>- 
stance,  which  is  continuous  throiighimt  the  spinal  conl ;  it 
is  there  lost  to  vii-w,  its  course  being  untraceable.  Xor  <loes 
the  physiological  process  present  the  aspect  demanded  by  the 
iheor}':  it  is  not  that  of  a  direct  and  uniform  rellexiiai,  such 
as  would  result  from  an  impression  on  one  spot  transmitted 
across  the  si»inal  cord  to  a  corresponding  miiior-nerve.  The 
inipivssion  is  sometimes  followed  by  one  movement,  some- 
times by  another  veiy  different  movement,  eaeh  determined 

*  MAU>nALL  Hall  in  Philoi,  Tnttts.,  1833.     Ltctunt  on  tin  Xrnuu 
i>'ti*Uiii  and  its  Jfunuc*^   1S36.      A'cir  Manoir  on  the  ytrcoui  «Sy«f<-;/i, 

1843- 

t  Ml'LLER  :  Plit/tMoijy,  i.  721. 
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by  the  state  of  neural  tension  in  the  whole  central  sys- 
tem. 

Even  the  facts  on  which  the  Eeflex  Theory  is  based  arc 
differently  interpreted  by  different  physiologists.  Van  Deeu, 
for  instance,  considers  that  Reflexion  takes  place  without 
Volition,  but  not  without  Sensation ;  and  Budge,  that  it  takes 
place  without  Perception  {Vorstcllung),  And  when  it  is 
remembered  that  most  of  the  reflex  actions  will  be  accom- 
panied by  distinct  consciousness  whenever  attention  is 
directed  to  them,  or  tlie  vividness  of  the  stimulation  is  shglitly 
increased,  it  becomes  evident  that  tlie  absence  of  Conscious- 
ness (discrimination)  is  not  the  differentia  of  Reflex  action 

14.  Nor  can  the  absence  of  spontaneity  be  accepted  as  a 
differentia.    All  actions  are  excited  by  stimulation,  internal 
or  external.    What  are  called  tlie  spontaneous  actions  are 
simply  those  which  are  prompted  by  internal,  or  by  not 
recognisable  stimuli ;  and  could  we  see  the  process,  we  should 
see  a  neural  change  initiated  by  some  stimulation,  whether 
the  change  was  conscious  and  volitional,  or  unconscious  and 
automatic.     The  dog  rising  from  sleep  and  restlessly  moving 
about,  is    acting    spontaneously,  whether  the   stimulation 
which  awakens  him  be  a  sensation  of  hunger,  a  sensation  of 
sound,  the  shai'p  pain  of  a  prick,  or  a  dash  of  cold  water.    If 
he  wags  his  tail  at  the  sight  of  his  master,  or  wags  it  when 
dreaming,  the  stimulation  is  said  to  be  spontaneous ;  but  if 
after  his  spinal  cord  has  been  divided  the  tail  wags  when  his 
abdomen  is  tickled,  the  action  is  called  reflex.     In  all  three 
cases  there  has  been  a  process  of  excitation  and  reflexion. 

15.  The  advocates  of  the  Reflex  Theory  insist  that  spon- 
taneity is  always  absent  in  brainless  animals ;  whence  the 
conclusion  that  the  brain  is  the  exclusive  organ  of  sensation. 
But  the  fact  asserted  is  contradicted  by  the  evidence.  No 
experimenter  can  have  failed  to  observe  numberless  examples 
of  spontaneity  in  brainless  animals.  Many  examples  have 
already  been  incidentally  noticed  in  previous  pages.  Let  me 
add  one  more  from  my  notes :  I  decapitated  a  toad  and  a 
triton,  and  divided  the  spinal  cord  of  another  triton  and  a 
frog.     At  first  the  movements  of  the  decapitated  animals 
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wore  insi^^iiificant;  but  on  the  second  day  the  headless  t<»ad 
was  quite  as  lively  as  the  frog;  and  the  headless  triton  liltln 
less  so  than  his  companion  with  cord  divided  but  brain  in- 
tact. I  have,  at  the  time  of  writing  this,  a  frog  whose  conl 
was  divided  some  weeks  a''o.  He  n^mains  almost  motionless 
unless  when  touched ;  he  is  ^'enerally  found  in  the  same  spot, 
nntl  in  the  sann^  attitude  to-day  fis  yesterday,  unless  touched, 
or  unless  the  taide  be  shaken.  He  occasionally  moves  one 
of  the  forelegs;  occasionally  one  of  the  hind-legs;  but  with- 
out changing  his  position.  If  he  were  brainless,  this  quies- 
oeiire  would  l>e  cited  in  proof  of  the  absence  of  spontaneity 
in  the  ai»sence  of  the  lirain ;  but  this  conclusion  wouM  \Ht 
fallacious,  and  is  seen  to  l)e  so  in  the  spontaneous  move- 
ments of  his  companion  who  has  vo  lirain. 

16.  With  spontaneity  is  associated  the  idea  of  volition,  and 
with  volition  choice.  Now  I  admit  that  it  is  complicating  the 
question  to  ask  any  one  to  conceive  a  headless  animal  choos- 
ing one  action  rather  than  another;  but  it  is  equally  difti<'ult 
to  reconcile  ourselves  to  the  idea  of  "  choice  "  in  contemplat- 
ing the  actions  of  a  mollusc.  In  what  sense  we  can  s]K*ak 
of  the  volition  of  a  mollusc  or  an  insect  has  already  l»een 
considered  (p.  361).  When  a  man  in  a  fit  of  coughing 
seizes  a  glass  of  water  to  allay  the  tickling  in  his  throat,  wt» 
have  no  hesitation  in  declaring  this  to  l)e  V(dilional — and  thi» 
r«»medy  to  be  chonfft.  I»nt  when  a  brainless  animal  adopts 
Sf>me  7invfiual  means,  after  the  failure  of  the  usual  means,  to 
allav  an  irritation,  we  still  hesitate  t(»  call  the  action  voli- 
tional.  I  see,  however,  no  objecti(m  to  calling  it  tbe  adajita- 
tion  of  a  sensitivt*  mechanism  which  is  markedly  unlike  any 
inorganic  mechanism. 

riac(»  a  chiM  of  two  or  three  yeai-s  old  upon  his  back,  and 
tickle  his  li^dit  cheek  with  a  feather.  He  will  i»ro]»ablv 
move  his  head  awav.  Continue  ticklin*^',  and  he  will  nil>the 
spot  with  his  right  hand,  itctrr  using  the  left  hantl  for  the 
right  cheek,  s<»  hing  as  the  right  hand  is  free;  but  if  you  hold 
his  ri;.:ht  han<l,  he  will  use  the  hft.  Does  any  one  disi»ut«» 
the  v(duntary  character  of  thcst*  actions  ? 

Now  compare  the  actions  of  the  sleeping  child  under  simi- 
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lar  circumstances,  and  their  sequence  will  be  precisely  similar. 
Tliis  contrast  is  tlie  more  illustrative,  because  physiologists 
generally  assume  that  in  sleep  consciousness  and  volition  are 
suspended.  They  say :  "  The  brain  sleeps,  the  spinal  cord 
never;  volition  and  sensation  may  be  suspended,  but  uot 
reflex  action."  This  proposition  is  extremely  questionable; 
yet  it  is  indispensable  to  the  reflex  theory ;  because  unless 
sensation  and  volition  are  suspended  during  sleep,  we  must 
admit  that  they  can  act,  without  at  the  same  time  calling  into 
activity  that  degree  of  sensibility  which  is  supposed  to  con- 
stitute consciousness.  The  child  moves  in  his  sleep,  defends 
himself  in  liis  sleep ;  but  he  is  not  "  aware  "  of  it. 

"  Children,"  says  Pfliiger,  "  sleep  more  soundly  than  adults, 
and  seem  to  be  more  sensitive  in  sleep.    I  tickled  the  right 
nostril  of  a  three-year-old  boy.    He  at  once  raised  his  right 
liand  to  push  me  away,  and  then  rubbed  the  place.    When  I 
tickled  the  left  nostril  he  raised  the  left  hand.     I  then  softly 
drew  both  arms  down,  and  laid  them  close  to  the  body,  em- 
bedding the  left  arm  in  the  clothes,  and  placing  on  it  a  pillow, 
by  gentle  pressure  on  which  I  could  keep  the  arm  down  with- 
out awakening  him.     Having  done  this  I  tickled  his  left 
nostril.     He  at  once  began  to  move  the  imprisoned  arm,  but 
could  not  reach  his  face  with  it,  because  I  held  it  firmly 
though  gently  down.     He  now  drew  his  head  aside,  and  I 
continued  tickling,  whereupon  he  raised  the  right  hand,  and 
with  it  rubbed  the  left  nostril — an  action  he  never  performed 
when  the  left  hand  was  free." 

17.  This  simple  but  ingenious  experiment  establishes  one 
important  point,  namely,  that  the  so-called  reflex  actions 
observed  in  sleep  are  determined  by  sensation  and  volition. 
The  sleeping  child  behaves  exactly  as  the  waking  child  be- 
haved ;  the  only  diflerence  being  in  the  energy  and  rapidity 
of  the  actions.  If  the  waking  child  felt  and  willed,  surely 
the  sleeping  cliild,  when  it  performed  precisely  similar  actions, 
cannot  be  said  to  have  felt  nothing,  willed  nothing  ?  It  is 
not  at  one  moment  a  sentient  organism,  and  at  the  next  an 
insentient  mechanism. 

It  is  possible  to  meet  this  case  by  assuming  that  the  child 
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Hy  awake,  ami  that  a  dim  consciousnesa  vras  aroused 
■the  tickling,  go  tlist  the  ccrubnil  activity  wus  in  fact  awak- 
ISiit,  plaHsiMt!  m  this  o^tplanntioii  inny  Iw  (aiid  I  am 
B  more  ready  to  admit  it  l>ecauHG  I  believe  tlic  brain  olwoys 
co-operates  when  it  is  present),  it  altogether  faiU  when  wo 
crime  to  experiments  on  decapitated  animals.  If  any  one 
will  inittitnio  a  series  of  such  experiments,  taking  cnre  to 
oimpare  the  actions  of  the  animal  before  and  aft«r  deenpitn- 
tioii,  be  will  [terccive  tliat  there  is  no  more  difference  Iretwoen 
them  than  between  those  of  the  sleeping  and  the  waking- 
child. 

18.  Even  more  strikinj*  is  the  following  experimentv  de- 
riaed  by  Ptliiger,  which  I  have  verilied,  and  varied,  many 
times:  A  fnig  is  decapitatwi,  or  its  brain  is  removed.' 
When  it  has  recovered  from  the  ellect  of  the  ether,  and 
numifests  lively  aenaibility,  we  place  it  on  its  back,  and 
tmich.  with  acetic  acid,  the  skin  of  its  thigh  just  above  Hie 
emidylus  ittlemug  /emoris.  (Let  the  reader  imagine  his  own 
f^houliler  burnt  at  the  point  where  it  con  bo  rcach<.-d  with  the 
thomh  of  th«  «ftmo  arm,  and  he  will  realise  the  openttion] 
No  sooner  doen  the  arid  begin  to  bum  than  tlio  frog  stretches 
ool  the  other  log,  so  that  its  body  is  somewhat  drawTi  t*)warda 
it.  The  leg  that  has  Iwen  burnt  is  now  bent,  and  the  hock  of 
the  foot  is  applied  to  the  spot,  rubljiug  the  acid  away — ^just  us 
your  thumb  might  mb  your  shoulder.  This  is  very  like  the 
action  of  the  tickled  child,  who  always  uses  the  right  hand  to 
rub  the  right  cbeek,  unless  it  be  held  ;  but  when  the  chihl's 
r%Iil  hand  is  prevented  from  rubbing,  the  left  will  be  em* 
ployed ;  and  precisely  this  do  we  observe  with  the  brainlesB 
g:  pnvcnt  it  ttvm  using  It*  right  leg,  and  it  will  nae  ita 


s  has  been  proved  by  decapitating  another  frog,  and  eat- 

ft  b  ti»tt«r  Amfly  to  Nmore  Hm  bnin.  ihaii  to  r^moTn  tha  whola 

ti  «Ue}l  muM  •  •rrimu  InM  nf  blond.     Am  rtheritrd  uutnftl  oaj  bn 

A  ta  with  Mu*  and  tteanx^y.     For  tombj  nxperimmtii,  men  divi- 

k«(  Uw  aptnal  oonl  ia  b«iicr  ihu  jMapiution.    Qnal  variation*  in 

mita  moit  beexjirctccl,  bccanw  tliacooilition  of  tha  animal,  lUI^ 

— whathet  fnnliirg  or  <lit{Mtin|^«h«tlieT  thn  leaaon  bo  vpriagw 

d  ft  buudml  ether  eitue^  eouplkaU  the  <i[i«timant 


430  THE  PHYSICAL  BASIS  OF  MIND. 

ting  off  the  foot  of  the  leg  which  is  to  be  iriitatecL     No  sooner 
is  the  acid  applied,  than  the  leg  is  bent  as  before,  and  the  stump 
is  moved  to  and  fro,  as  if  to  rub  away  the  acid.    But  the  acid 
is  not  rubbed  away,  and  the  animal  becomes  restless,  as  if  trying 
to  hit  upon  some  other  plan  for  freeing  himself  of  the  irritation. 
And  it  is  worthy  of  remark  that  he  often  hits  upon  plans  very 
similar  to  those  wliich  an  intelligent  human  being  adopts 
under  similar  circumstances.    Thus,  the  irritation  continuing, 
he  will  sometimes  cease  the  vain  eflTorts  with  his  stump,  and 
stretching  tliat  leg  stitdght  out,  bends  the  oilier  leg  over 
towards  the  irritated  spot,  and  rubs  the  acid  away.     But,  to 
show  how  far  this  action  is  from  one  of  "  mere  mechanism," 
how  far  it  is  from  being  a  direct  reflex  of  an  impression  on  a 
group  of  muscles,  the  frog  does  not  always  liit  even  on  this 
plan.     Sometimes  it  bends  its  irritated  leg  more  energetically, 
and  likewise  bends  the  body  towards  it,  so  as  to  permit  the 
spot  to  be  rubbed  against  the  flank — just  as  tlie  child,  when 
both  his  hands  are  held,  will  bend  his  cheek  towards  his 
shoulder  and  rub  it  there. 

19.  It  is  difficult  to  resist  such  evidence  as  is  here  mani- 
fested. The  brainless  frog  "  chooses  "  a  new  plan  when  the 
old  one  fails,  just  as  the  waking  cliild  chooses.  And  an  illus- 
tration of  how  sensations  guide  and  determine  movements, 
may  be  seen  in  another  observation  of  the  brainless  frog, 
when,  as  often  happens,  it  does  not  hit  upon  either  of  the 
plans  just  mentioned,  but  remains  apparently  restless  and 
helpless ;  if  under  these  circumstances  we  perform  a  part  of 
the  action  for  it,  it  will  complete  wliat  we  leave  hegttn :  if  we 
rub  the  irritated  leg,  at  some  distance  from  the  spot  where 
the  acid  is,  with  the  foot  of  the  other,  the  frog  suddenly  avails 
itself  of  this  guiding  semation,  and  at  once  directs  its  foot 
to  the  irritated  spot. 

In  these  experiments  on  the  triton  and  the  frog,  the  evi- 
dence of  sensation  and  volition  is  all  the  stronger,  because  the 
reactions  produced  by  irritations  are  not  uniform.  If  when  a 
decapitated  animal  were  stimulated  it  always  reacted  in  pre- 
cisely  the  same  way,  and  never  chose  Tvew  means  on  the  failure 
of  the  old,  it  would  be  conceivable  to  attribute  the  results  to 
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simplo  ledex  action — i.e.,  tlin  mGctianicAl  transference  of  au 
iin|>aUc  Along  a  prescribed  patli.  It  ia  possible  so  to  cunccit'fl 
the  breMhing,  or  the  swiillowipg  mechanisin :  Uio  iniprMsion 
majr  be  directly  reflected  oa  certain  groups  of  mosclesti.  I!ut 
1  oannot  conceive  a.  machine  suddenly  strikiii}*  out  new  nte< 
tbads,  wLcn  the  old  mulhuds  fail.  I  caonol  conceive  u  macliine 
tlintwu  into  disorder  wlicn  its  Hccustoined  actions  ftiil,  and  in 
Hum  di»ort]«r  suddenly  lighting  ntnm  nn  action  likely  h>  suc- 
oeeil,  and  mntinuiog  Unit ;  but  I  can  conceive  ihij  to  be  done 
by  na  ui^ganisni,  for  my  own  experience  and  olservation  of 
■nimaU  assiirt-s  me  that  lliis  is  alvnys  the  vay  new  lines  of 
acCioD  arc  oduptt-d.  And  lliis  which  Is  observed  of  tlio  un- 
BiiitiUtiNl  animal,  I  have  jiisl  shown  to  bo  observed  of  tiiu 
IniulcsR  animal ;  wherefore  the  conclusion  is,  that  if  ever  the 
frog  is  sentient,  if  ever  its  actions  ore  guided  by  sensation, 
ihpy  are  so  when  its  brain  is  removed. 

20.  Schrwier  van  dur  Kolk  thinks  that  rilii[^r  was  de- 
( rivnl  in  attributing  sensation  and  volition  to  the  frog.  bL-rause 
tlie  reflex  aclinna  are.  he  eays,  so  nicely  adapted  to  tlu-ir  ends, 
tlial  they  are  nndiatinguishable  from  voluntary  actions.  The 
Biecbaiiiam  is  such  that,  by  moans  of  the  comuunicatioiui 

icd  between  various  groups  of  c<dU,  all  tJiese  actions 
ijilud  to  an  end  may  be  excited  by  every  stimulus.  Hut  I 
ly  tlio  fact.  I  deny  that  all  the  actions  ore  awakened  by 
stimnlns.  Only  some  few  are  awaki-nol.  and  those  are 
always  the  same,  nor  do  tliey  follow  tlie  same  order  of  sue* 
ccasioo.  One  decapitated  frog  does  not  behave  exactly  like 
another  nnder  similar  circumstances ;  does  not  lichave  exactly 
like  liimself  at  different  seasons ;  unlike  a  machine,  he  mani- 
fests sponlancily  in  his  actions,  and  volition  in  tlie  directnin 
of  bi«  octinn*. 

21.  T1h>  rvaJer  will  notice  that  my  illustrations  show  these 
of  the  bminli^na  animal  to  have  the  same  external 

those  of  the  nnmulilatcd  aniiimls.  I  am  thvre- 
I  eoaocme<l  to  prove  Uie  psychical  natniv  of 
Mil  Mtfani,  iniless  it  be  granted  that  the  unmutiluted  aiii- 
PBlHwi-»Ba— UoB  and  volition.     This  of  course  can  onlv  W 
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in  the  one  case  and  refused  in  the  other.    Young  rabbits 
and  puppies  when  taken  from  their  mothers  manifest  dis- 
comfort by  restless  movement  and  whining.    Do  they  feel 
the  discomfort  they  thus  express?      If  ever  rabbits  and 
puppies  may  be  said  to  feel,  we  must  answer,  Yes.    Well,  if 
the  brain  be  removed  from  rabbits  and  puppies,  precisely 
similar  phenomena  are  observed  when  these  young  animals 
are  taken  from  their  mothers.     "I  observed  the  motions, 
which  seemed  the  result  of  discomfort,  quickly  cease  when  I 
warmed  the  young  rabbit  by  breathing  on  it.     After  a  while 
it  was  completely  at  rest,  and  seemed  sunk  in  deep  sleep; 
occasionally,  however,  it  moved  one  of  its  legs  without  any 
external  stimulus  having  been  applied,  and  this  not  spas- 
modically, but  in  the  manner  of  a  sleeping  animal."*    Is  this 
cessation  of  the  restlessness,  when  warmth  is  restored,  not 
evidence  of  sensation  ?    We  see  an  infant  restless,  struggling, 
and  squalling ;  and  we  believe  that  it  is  himgry,  or  that  some 
other  sensations  agitate  it;  it  is  put  to  the  breast,  and  its 
squalls  subside ;  or  a  finger  is  placed  in  its  mouth,  and  it 
sucks  that,  in  a  peaceful  lull,  for  a  few  moments,  to  recom- 
mence squalling  when  the  finger  yields  no  satisfaction.    If 
we  accept  these  as  signs  of  sensation,  I  do  not  see  how  we 
can  deny  such  sensation  to  the  brainless  animal  which  will 
also  cease  to  cry,  and  will  suck  the  delusive  finger. 

22.  One  of  the  earliest  advocates  of  the  Eeflex  Theory 
sums  up  his  observations  in  these  words :  "  It  is  clear  that 
brainless  animals,  although  without  sensation,  because  not 
endowed  with  mind,  nevertheless,  by  means  of  external  im- 
pressions which  operate  incessantly  on  them,  perform  all  the 
acts  and  manifest  all  the  activity  of  the  sentient  animal ; 
everything  that  is  effected  sensationally  and  volitionally,  they 
effect  by  means  of  the  organic  forces  of  the  impressions/'f 
Call  Sensibility  one  of  the  organic  forces,  if  you  please,  but 
so  long  as  the  acts  performed  are  not  only  the  same  as  those 
of  a  sentient  animal,  but  are  performed  by  the  same  me- 

•  VoLKMANN,  quoted  by  Ppluger. 

t  Unzeh  :  TVie  Principles  of  Physiology  (translated  for  the  Syden- 
ham Society),  p.  235. 
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fli.iiii^ni,  llioy  have  every  claim  to  the  chamcter  of  sensa- 
tiousil  acts  which  can  be  urged  in  the  case  of  these  animals 
when  the  brain  is  present.  And  the  only  reason  on  which 
this  cLiini  is  disputed  is  the  assumed  loss  of  all  sensation 
with  the  loss  of  the  bniin.  Here,  therefore,  lies  the  central 
point  to  be  determined. 


2  K 
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CHAPTER  IL 

DEDUCTION  FROM  GENERAL  LAWS. 

23.  The  evidence  is  of  two  kinds:  deductions  from  the 
general  laws  of  nervous  action,  and  inductions  from  par- 
ticular manifestations.  The  former  furnish  a  presumption, 
the  latter  a  proof. 

The  central  process  which  initiates  a  reflex  action  may  be 
excited  by  the  external  stimulation  of  a  peripheral  nerve,  by 
the  internal  stimulation  of  a  peripheral  nerve,  or  by  the 
irradiation  from  some  other  part  of  the  central  tissue.  The 
last-named  stimulations  are  the  least  intelligible,  because  they 
are  so  varied  and  complex,  and  so  remote  from  observation; 
among  them  may  be  placed,  i**,  the  organised  impulses  of 
Instinct  and  Habit,  with  their  fixed  modes  of  manifestation; 
2°,  the  organised  impulses  of  Emotion,  which  are  more  vari- 
able in  their  manifestations,  because  more  fluctuating  in  their 
conditions ;  3°,  the  organised  impulses  of  Intellect,  the  most 
variable  of  all.  Whether  we  shrink  on  the  contact  of  a  cold 
substance  or  on  hearing  a  sudden  sound, — at  the  sight  of  a 
terrible  object, — at  the  imaginary  vision  of  the  object, — or 
because  we  feign  the  terror  which  is  thus  expressed, — the 
reflex  mechanism  of  shrinking  is  in  each  case  the  same,  and 
the  neural  process  discharged  on  the  muscles  is  the  same; 
but  the  state  of  Feeling  which  originated  the  change,^-or,  in 
strictly  physiological  terms — the  inciting  neural  process  which 
preceded  this  reflex  neural  process — was  in  each  case  some- 
what different,  yet  in  each  case  w^as  a  mode  of  Sensibility. 

24.  The  property  of  Sensibility  belongs  to  the  whole  cen- 
tral tissue ;  and  we  have  every  reason  to  believe  that  unless 
it  is  excited  no  reflex  takes  place,  whereas  when  it  is  exag- 
gerated— as  in  epilepsy,  or  under  strychnine — the  reflex  dis- 


rav.  KtFLVX  TUEOBV. 

cliar;^  arc  coiivulsivo.  When  nna-slhotics  are  }pvoD.  con- 
sciousness first  diBiipjwars,  and  tlivu  rvflexion.  Wlicn  the 
^'iisoTiuni  is  powerfully  excited  by  ot/ur  siimuli,  the  normal 
^tlIDalQB  fiuls  to  excite  either  consciousness  or  reflexion, 
iii'nce  tmr  conclusion  is  tlmt  fur  consciousness,  on  the  one 
liond,  and  nonnal  reflexion,  on  the  other,  the  proxitnat«  con- 
■lilioQ  IB  n  change  in  the  sensorium ;  or — to  phrase  it  more 
fiuniltarlr — Feeling  is  neceasnry  for  reflex  action. 

Ttiv  diftiailly  in  upprchcndiu^  this  lies  in  the  anihiguity 
of  ibe  tenn  Failing.  Muny  readers  who  would  fiml  uo  (Uffi- 
tolty  in  adinitiin^  Sensiliilily  e»  a  necessary  element  in 
ivQex  autiou,  will  refli^t  llie  iiiea  of  identifying  Sensibility 
with  Feclinj*.  But  tliia  repugnanre  must  be  overcome  if  we 
nrr  to  understand  the  various  modes  of  Sensihility  which 
]-rc»ont  Fofling  in  animals,  and  it£  varieties  iu  ourselves. 
A" I-  understand  how  the  geoend  Sensihility  manifests  itself 
-■iu  markedly  different  seiLialiona — how  that  of  the  optic 
e  difiers  from  that  of  the  audiU)ry  centre,  and  both  from 
1  centre.  The  tones  of  a  violin  are  not  the  same  aa 
•  tooes  of  a  violoncello,  Ixith  differ  from  the  toni-s  of  a  key- 
^e :  yet  tliey  all  couie  under  tlic  same  general  laws  of 
Uy.  So,  as  I  often  iuaist,  the  tisanes  in  brain  and  cord 
g  the  same,  their  properties  must  be  the  same,  their  lawf> 
^•xcitBtioo,  irradiation,  and  combination  the  same,  througb 
(.the  varieties  in  their  uiiinifestatiuns  duo  tt^i  varieties  of 
Hence  it  is  that  there  are  reflex  cerehml  pro- 
t  lem  than  reflex  spinal  processes:  the  motor  im- 
I  tlie  hemispheres  on  the  corpora  slrinia,  or  from 
r  ^y  substance  on  anterior  ^y  substancc>  i«  similar 
t  fioni  the  anterior  grey  substance  on  the  motor  nerves. 
t  diflvTC-Doe  in  ivllexe^  arises  from  the  temitnal  ot)^s  ;  as 
I  difleneuce  in  sensationtt  arises  from  tlio  sarfao^s  stimu- 
latcd.  But  not  only  arc  there  reflex  processes  in  the  brain, 
oT  Uk  same  order  aa  Uiose  in  the  cord,  there  nn  volitianal 
proceaaea  in  tiio  cord  of  the  same  order  us  thoso  in  the  bnin. 
And  to  both  the  pmccnsM  an  •ometiioea  oon»cioa8,  wme* 
timi  aacoDKiotu.  No  evidence  suggests  that  in  the  con- 
aduu  action  tliere  is  a  sunaorial  process  and  *  purely  pfayncal 
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process  in  the  unconscious  action — only  a  different  relation  of 
one  sensorial  process  to  others. 

25.  Let  us  contrast  a  cerebral  and  a  spinal  process,  in  re- 
spect to  the  three  stages  of  stimulation,  irradiation,  and  dis- 
charge. A  luminous  impression  stimulates  my  retina,  this 
excites  my  sensorium,  in  which  second  stage  1  am  conscious 
of  the  luminous  sensation ;  the  final  discharge  is  a  percep- 
tion, or  a  mental  articulation  of  the  name  of  the  luminous 
object.  But  the  irradiation  may  perhaps  not  have  been  such 
as  to  cause  a  conscious  sensation,  because  the  requisite  neural 
elements  were  already  grouped  in  some  other  waj';  in  this 
case  there  is  an  unconscious  discharge  on  some  motor  group, 
and  instead  of  perceiving  and  naming  the  luminous  object,  I 
move  my  head,  or  my  hand,  or  my  whole  body,  avoiding  the 
object,  or  grasping  at  it.  A  third  issue  is  possible :  the  irra- 
diation instead  of  exciting  a  definite  perception,  or  a  definite 
movement,  may  be  merged  in  the  stream  of  simultaneous 
excitations,  and  thus  form  the  component  of  a  group,  and 
the  discharge  of  this  group  will  be  a  perception  or  a  move- 
ment. 

It  is  the  same  with  a  spinal  process.  An  impression  on 
the  skin  is  irradiated  in  the  cord,  and  the  response  is  a  move- 
ment, of  which  we  are  conscious,  or  unconscious.  Here  also 
a  third  issue  is  possible :  the  irradiation  may  be  merged  in 
a  stream  of  simultaneous  excitations,  modifying  them  and 
modified  by  them,  thus  forming  a  component  in  some  ulterior 
discharge. 

26.  The  obstacle  in  tlie  way  of  recognising  that  cerebral 
processes  and  spinal  processes  are  of  the  same  order  of  sen- 
sorial phenomena,  and  have  the  same  physiological  signifi- 
cance when  considered  irrespective  of  the  group  of  organs 
they  call  into  activity,  is  similar  to  the  obstacle  which  has 
prevented  psychologists  from  recognising  the  identity  of  the 
logical  process  in  the  combinations  of  Feeling  and  the  com- 
binations of  Thought,  ix.y  the  Logic  of  Feeling  and  the  Logic 
of  Signs.  Tliis  obstacle  is  the  fixing  attention  on  the  diversity 
of  the  eifects  when  the  same  process  operates  with  different 
elements.     Because  the  spinal  cord  manifests  the  phenomena 


f  m'» 


nir.  UKH-KX  TflKoKV,  437 

«r  HHimiion  aiii]  vilition,  we  ak  not  to  com  lude  that  it  abn 
luaniftvtA  idi»lJon  and  imagination ;  ooy  more  tlian  we  are 
tu  omcluile  that  b  inuUusc  is  capable  of  musical  fcHtlin^^s 
it  is  afTocted  l>y  sounds. 

Tlw  t-uvlesii  ooDftision  of  general  pmpertii'«  with 
iltcalious  uf  lliosv  piv)>ertii^  and  of  functiuDS  witli 
b(u  t)een  a  serious  hindmnce  to  the  right  uiiddr- 
'  Sensibility  and  ito  operations.     Instead  of  reco<^- 

tluit  the  nervous  system  has  one  general  mode  of 
tvoctjon,  wliich  remains  the  sami;  tinder  every  viirtety  of 
t'-mbiuutioii  with  other  »ystenis,  pliysii^lojjisti*  commonly  lose 
aight  of  this  g«noml  pn)i>erty,  and  fix  on  one  mode  of  its 
Buuiifestalion  as  th«  sole  charnctemtic  of  Seuaibility.  Somc- 
tiroea  the  mode  fixed  on  is  I'ain,  at  other  times  Attention. 
Thus,  when  an  animal  manifcsU  no  evidence  of  pain  under 
KtimnlatioDs  whieli  onlinurily  oxcit«  anvvTv:  \mn,  tliis  is  ofUtn 
iatciprotcil  as  a  proof  ibut  ail  sensulion  is  absent;  and  if 
with  this  abseuct.^  of  puin  tlit-ro  is — as  there  often  is — clear 
evidenee  of  the  presence  of  some  oilier  mode  nf  Menaibtlit}', 
tlie  GODtradiction  is  ei'aded  by  the  assumption  that  what  h«ru 
looks  like  evidence  of  sensation  is  merely  mechanical  r*-  i 
Btixion.  One  would  think  that  I'byaiology  and  I'atbol 
had  been  sUent  on  the  fitcls  of  analgL-sia  without  Anii!stbesi%^ 
And  of  n  much  comtcioug  si.>n.tation  which  is  unufroompaniml 
l>y  pain.*  VTlm  does  not  know  lliat  a  ]>atieut  will  lose  c 
kind  of  sensibility  while  retaining  others — cease  to  feel  pain, 
yet  fix\  temperatore,  or  be  insensible  to  toacli,  yd  exquisitely 
alive  to  pain?t     Innamuch  as  Sensibility  dc]K-nds  on  Uio 

Bren  to  ttnincnt  tut  invc>ti),Mtor  m  Ooltx  hw  bllen  il 

mt.     n<  intmluco*  an  uporinimt  to  pruve  that  tlie  linUuloH  fn)|t 

li  iiiMB«lbli>  to  pain  b;  (lie  wotil>  "  Hhcii  an  animal,  [ilaccd  andor  etr- 

ifR*  whiirh  wnald  be  vrr;  puinriil,  iiiake«  no  iiiavtnwnt. nllhrni;.-)! 

^to  e«jial>[r  nf  mnrina:,  tfac  lawt  WB  ton  Mr  U  that  il  ii  ilii[mtlMUIe 

Ihal  xh*  animal   bu   MUMtinn*  (J(inTnt*ntn»  dm  Frotdm.  p.  taj)- 

I  paril  not  dUcuM  Ilia  yroaf  itarlf,  lisviui  alraadj  dona  w  in  jVal«r«, 

•I.  is.  p.  84.     Th«  |ioJnl  U>  wbicb  1  wiafa  t>ieaU  attrntion  U  tlie  confu- 

"b  i>l  inMD'iliita}-  In  KBiirni]  villi  itiMnnibiliij  to  pain. 

t  Sec  DcuitiMiK:    Dt  SUrtrualiim  ixaluti,  p.  398.      (lain 

CitM  inmni  rxiuiiplea  of  Iniana  paticnU  wb«  bar*  burned  tlia  fl 

IfwIinU  •  iJ^tal  )uililT>ira(«  to  lliM*  il 
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condition  of  the  centres,  an  abnormal  condition  will  obviously 
transform  the  reaction  of  the  centres  into  one  very  unlike 
the  normal  reaction.  For  example,  Antoine  Cros  had  a 
patient  who  was  quite  unable  to  feel  the  sensation  of  cold 
on  her  left  side — every  cold  object  touching  her  skin  on  that 
side  was  felt  as  a  very  hot  one ;  whereas  a  hot  object  pro- 
duced "  the  sort  of  sensation  which  followed  the  application 
of  an  intermittent  voltaic  current."  *  Thus  also  the  experi- 
ments of  Eosef  and  others  have  exhibited  the  effects  of  a 
dose  of  Santonine  in  causing  all  objects  to  be  seen  as  yellow 
in  one  stage,  and  violet  in  another. 

28.  If,  then,  certain  alterations  in  the  organic  conditions 
are  accompanied  by  a  suppression  or  perversion  of  some 
modes  of  Sensibility,  without  suppressing  the  rest,  it  is  but 
rational  to  suppose  that  profound  disturbances  of  the  organic 
mechanism,  such  as  must  result  from  the  removal  of  the 
brain,  will  also  suppress  or  pervert  several  modes  of  Sensi- 
bility, and  yet  leave  intact  those  modes  which  belong  to  the 
intact  parts  of  the  mechanism.  Assuming  that  the  spinal 
centres  with  the  organs  they  innervate  are  capable  of 
reacting  under  certain  modes  of  sensation,  these  will  not 
necessarily  be  suppressed  by  removal  of  the  brain — all  that 
will  thereby  be  suppressed  is  their  co-operation  with  the 
brain.  I  know  it  will  be  said  that  precisely  this  co-opera- 
tion is  necessary  for  sensation ;  and  that  the  spinal  reactions 
are  simple  reflexions  in  which  sensation  has  no  part.  This, 
however,  is  the  position  I  hope  to  turn.  Meanwhile  my 
assumption  is  that  sensation  necessarily  plays  a  part  in  the 
reflex  actions  of  tlie  organism^  and  when  that  organism  is 
truncated,  its  actions  are  proportionately  limited,  its  sensa- 
tions less  complex.  The  spinal  cord,  separated  from  encephalic 

Maladies  MentaleSy  p.  94.  Falret  says,  "  Nous  avons  vu  plusieurs  fois 
des  ali^n^s  s'inciser,  s'amputer  eux-mdmes  diverses  parties  du  corps  sans 
paraltre  ressentir  aucune  souif ranee  :"  Lemons  cliniques  de  Medicine  Men- 
tale,  1854,  L  189.  Patients  incapable  of  feeling  the  contact  of  a  hot 
iron  -with  their  skin,  have  felt  subjective  burnings  in  the  skin  thua 
objectively  insensible. 

*  Cros  :  Les  Fonctions  euphieures  du  Syst,  nerveuz,  1875,  p.  27. 

t  Virchov/8  Archivy  Bd.  xxviii.  p.  30. 
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OMnwotlons,  cannot  react  in  the  special  fonna  of  Sensation 

kooim  aa  colour,  scent,  taate,  sound,  &c.,  because  it  does  not 

innervate  the  organtt  of  these  special  senses,  nor  co-uperatn 

with  their  centres.     But  it  can,  anil   does,  react   in  other 

mixtes:  it  innervates  skin  and  mnscles;  and  the  sensibilities, 

'Juts  excit4>d.  it  can  also  irnnbinr  and  eo-ordinate.     It  has  its 

Memory-,  and  ita  Logic,  just  as  the  brain  has :  Iwtli  no  longer 

ihi\n  tlicy  are  integral  parts  of  an  active  living  organism: 

ri'ither  when  the  organism  is  inactive  or  dead.     We  do  not 

■  \pectthe  retina  to  n-sfiond  in  sounds,  nor  the  ear  to  respond 

■.■I  iroloum:  we  expect  each  organ  to  have  its  special  mode  or 

naction.     Wliat  is  common  to  both  is  Sensibility.    What  is 

common  to  brain  and  cord  is  Sensibility — and  the  laws  of 

Grouping.      Instead  of  marvelling  at  the  disap]iearaace  of  so 

many  modes  of  Sensibility  wli<.'n  the  brain  is  n-moved,  our 

snrprisc  shuitid  l>e  U>  find  bo  iniiny  evidences  of  Sensibility 

R-maining  al^t^r  so  pTxifouiid  a  mutilation  of  tlie  mechanism. 

^^  29.  The  current  hyi<othesis,  which  assumes  that  the  brain 

^B^e  sole  organ  of  the  mind,  the  sole  scat  of  sensation,  is  a 

^^■manl  of  the  ancient  bj-pothesis  resjiccting  the  Soul  and  its 

^^Mt;    ami  on  the  whole  I  think  the  ancient  hypothesis  is 

the  more  rational  of  the  two.      If  the  Sonl  inhabits  the 

urganism,  oaing  it  as  an  iiistrunient,  playing  on  iLs  organs  as 

a  mnsician  plays  on  his  inatniment,  we  are  not  called  upon 

to  explain  the  mode  of  operation  of  this  myst«rious  agent ; 

bat  If  th«  Soul  Iw  the  subjective  side  of  the  Life,  the  spiri- 

^^■■1  Mpect  of  the  mat«rinl  organism,  then  since  it  is  a  syn- 

^Bmu  of  all  the  ori^anic  forces,  the  consensus  of  all  the  wn- 

^Hsnt  phenomena,  no  one  part  can  usurp  the  prerogatives  of 

^TBI.  but  all  aiw  requisite  for  each.     And  tliis  indeed  is  what 

few  physiologists  would  nowadays  dispute.     In  spite  of  their 

localising  setunatinn   in  thn   cerebral  cells,  they  would  not 

maintain  that  tin*  cerebral  cells,  nor  even  the  whole  brain, 

could  produce  sensation — if  tlttaeJud  from  the  organism ;  the 

cheek  of  the  guillotined  victim  may  have  blushetl  when 

Htnick.  but  who  believes  that  the  brain  felt  the  insult,  or  the 

Uow  f     Obviously,  therefore,  when  wc  ri.-Ati  that  tliongfat  is 

**«  prirpCTty  of  the  grey  snhstanee  of  the  Iwmin,  u  gmvitatiun 
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is  of  matter,"  or  that  the  brain  is  the  exclusive  organ  of  Sen- 
sation, the  writers  cannot  consistently  carry  out  their  hypo- 
thesis unless  they  silently  reintroduce  other  organs  as  co- 
operating agents ;  for  a  neural  process  in  the  cerebi-um  is  in 
itatlf  no  more  a  sensation  than  it  is  a  muscular  contraction, 
or  a  glandular  secretion:  the  muscles  must  co-operate  for 
the  contraction,  the  gland  for  the  secretion,  the  neural  pro- 
cess being  simply  the  exciting  cause.  In  like  manner  the 
Sensorium  is  necessary  for  the  sensation,  the  neural  process — 
in  cerebrum,  or  elsewhere — being  simply  the  exciting  cause. 
30.  And  what  is  the  Sensorium  ?  A  long  chapter  would 
be  required  to  state  the  various  opinions  whicli  have  been 
held  respecting  its  seat,  although  amid  all  the  disputes  as  to 
the  organ,  there  has  been  unanimity  as  to  the  function,  whicli 
is  that  of  converting  stimulations  into  sensations.  I  cannot 
pause  here  to  examine  the  contending  arguments,  but  must 
content  myself  with  expounding  the  opinion  I  hold,  namely, 
tliat  the  Sensorium  is  the  whole  of  the  sensitive  organism, 
and  not  any  one  isolated  portion  of  it.  When  light  falls  on 
the  optic  organ,  or  air  pulses  on  the  auditory  organ,  the  re- 
action of  each  organ  determines  the  specific  character  of  the 
sensation,  hut  no  stick  sensation  is  possible  unless  tJierc  he  a 
reaction  of  the  organism ;  and  the  nature  of  the  product  will 
of  course  vary  with  the  varying  factors  which  co-operate — a 
simple  organism,  a  truncated  organism,  an  exhausted  or  other- 
wise occupied  organism,  will  react  differently  from  a  com- 
plex, a  normal,  or  an  unoccupied  organism.  Detach  the 
optic  organ  with  its  centre  from  the  rest  of  the  organism, 
and  no  normal  sensation  of  Sight  will  result  from  its  stimu- 
lation ;  and  in  a  lesser  degree  this  is  equally  true  of  a  stinm- 
lation  of  the  optic  organ  when  the  sensorium  is  exhausted,  or 
powerfully  affected  by  other  stimuli.  Because  of  the  great 
importance  of  the  cerebrum,  and  its  predominance  in  the 
nervous  system,  it  has  been  supposed  to  constitute  the  whole 
of  the  sensorium,  in  spite  of  tlie  evidence  of  varied  Sensi- 
bility after  the  cerebrum  has  been  removed.  I  do  not  wish 
to  underrate  the  cerebral  importance  (see  p.  147),  yet  I  must 
say  that  the  modem  phrase  cerebration,  when  employed  as 
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9  •  shortliiui'l  exprossiun  of  tlir  umiplex  |>roccssu3 

icli  A  cerebral  |>rf>cess  iuiLiat^s,  ami  wbuD  tiikcii  as  tlic 

live  equivaleric  of  CoiiBcioiiAiiess  or  of  Thought,  seems 

f  me  Dot  more  justifiable  Lhau  to  speak  of  Conibtistion  aa 

B  eqoirak'nt  of  liailway  Transport,     The  railway  waggons 

I  unless  llio  ftiul  Trhicli  supplies  Lhu  boiler  be 

putnl;  t]ie  rirgnnisin  will  not  think  unless  Uiu  CL-rcbruni 

■  lliin  pvuuliar  mode  of  Scnaibility  by  its  actiou  on  tlio 

t.     It  it  tilt  man,  and  not  the  hrain,  that  thinks :  iti^t  tlia 

Loism  aa  a  whole,  and  not  one  organ,  tliat  feela  and  acta. 

L  31.  CunsciousDoss,  or  Sensation,  is  a  coinplojc  product  not 

ft  be  recognised  in  any  ont  of  its  factors.     Cerebral  processes 

i  spinal  processes  are  Uiu  elements  wu  mialytically  sepa- 

,  as  uiuscnhir  contracUoni)  are  the   elenieuu  of  limb- 

nrvtootils.     Tbo  synlhetic   unity  of  tliuie  ulemeuts  is  a 

;  thix  we  analyliiiJiJly  detutinpoiw  into  a  sensation  an<l 

■oveinent ;  and  then  wo  H])<<ak  of  sensation  as  the  reaction 

\  the  sensory  oi^au,  tho  niovt'uient  as  the  reaction  of  the 

Bculsr  organ.     By  a  similar  proc»lure  we  separate  the 

mutation  of  a  sensoi)'  nerve  from  the  reaction  of  tho  son- 

'  orj^u,  and  that  from   the  r»acLion  of  the  seiisurium; 

I  lliig  way  we  may  come  to  reganl  C'erebralioa  aa 

tghL     llut  those  who  employ  this  artitice  should  remem- 

r  tiwt  tbo  organism  is  not  an  assemblage  of  ot^ana,  made 

f  or  parts  put  tugetbor  Uko  a  machine,     Tlio  organs  an 

IBfireDtiations  of  thu  organism,  each  evolved  from  those 

kU  preceded  it,  all  sharing  in  a  common  activity,  all  itUtr- 

»denL 

E32.  That  co-operation  of  the  Personality  which  ia  cod- 

■nona  in  conscious  actions  is  also  inductively  to  bo  in- 

itfneil  in  suIhco  use  ions  and  unconscious  actions.     We  know 

that  a  man  reacts  on  an  impreaeioo  according  to  his  jthysical 

^^■d  mvnlal  slal»  at  the  moment— that  through   his   indi- 

^■Idulitj  tm  feels  difTcrenlly,  and  ibiiikit  diUerently  from 

^HtMr  men,  and  from  himw:lf  nt  other  eiHxIia,  and  in  other 

^■bue^     Itecanui  lui  resembles  other  men  in  many  and  taen- 

tial  points  we  conclude  that  he  will  resemble  them  in  all ; 

ttut  observation  proves  Uiis  conclusion   to   be   prvicipitaU'. 
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Other  men  see  a  blue  colour  in  the  sky,  or  feel  awe  at  sight 
of  the  setting  sun ;  but  he  has  perhaps  not  learned  to  discri- 
minate this  sensation,  is  not  conscious  of  the  blue ;  nor  has 
he  learned  to  feel  awe  at  the  setting  sun.  Why — having 
normally-constructed  eyes — does  he  not  see  the  blue  of  the 
sky  ?  For  the  same  reason  that  a  dog,  or  an  infant,  fails  to 
see  it.  The  colour  has  no  interest  for  him  (and  all  cognition 
is  primarily  emotion),  nor  has  this  want  of  personal  interest 
been  rectified  from  an  impersonal  source  :  he  has  never  been 
taught  to  distinguish  the  colour  of  the  sky;  and  his  eye 
wanders  over  it  with  the  indificrent  gaze  with  which  a  savage 
would  regard  a  Greek  codex. 

33.  The  point  here  insisted  on,  namely,  that  every  reac- 
tion on  an  impression  is  indirectly  the  reaction  of  the  whole 
organism,  and  that  no  organ  detached  from  the  organism  has 
more  significance  than  a  word  detached  from  a  sentence,  is 
of  far-reaching  importance,  and  peculiarly  worthy  of  atten- 
tion in  considering  the  Eeflex  Theory,  because  almost  all  the 
evidence  urged  in  support  of  that  theory  presupposes  the 
legitimacy  of  concluding  what  takes  place  in  the  organism 
from  what  is  observed  in  an  organ  detached  from  its  normal 
connections.  No  experimental  proof  is  necessary  to  show 
that  many  actions  take  place  unconsciously;  the  fact  is 
undisputed.  But  does  unconsciously  mean  insentiently  ? 
It  is  certain  that  the  unconscious  actions  take  place  in  a 
sentient  oiganism,  and  involve  organic  processes  of  the 
same  order  as  the  actions  which  are  conscious.  It  is  also 
certain  that  many  sentient  processes  take  place  uncon- 
sciously. For  thousands  of  years  men  used  their  eyes,  and 
saw  as  their  descendants  see,  yet  were  unconscious  of  the 
blue  sky  and  green  of  the  grass.  Were  their  visual  reactions 
not  of  the  same  order  as  our  own  ?  So  far  as  the  optic 
apparatus  is  concerned,  there  cannot  be  a  doubt  on  the 
point ;  yet  in  them  the  sensorium  having  a  somewhat  different 
disposition — the  neural  elements  being  differently  combined 
— their  reactions  correspondingly  differed.  They  too  had 
optical  Sensibility,  and  visual  sensations ;  but  they  did  not 
feel  precisely  what  we  feel. 
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34.  I  have  choaen  these  somewbat  roniot^  illuHtralions  for 
tlie  sake  of  tlieir  psycholugical  interest;  l<ut  I  tniglit  have 
coolmeil  myself  to  more  familiar  examples.  Thus  tlie  contents 
of  the  consciousness  of  a  man  born  blind  cannot  be  the  game 
as  the  cotilciits  of  one  who  has  had  visual  experiences,  which 
will  enter  into  the  complex  of  every  conscious  state,  becauae 
the  visual  organs  will  have  affected  his  sensorium ;  neverthe- 
less in  the  organism  of  the  blind  man  there  arc  conditions  so 
similar  to  those  of  other  men,  and  his  experiences  will  have 
bcvn  so  similar,  that  in  spite  of  the  modifications  due  to  th« 
atiMcuct?  of  visual  experiences,  his  consciousness  will  in  the 
uioiu  resemble  theirs.  But  now  let  us  in  imagination 
pursue  this  kind  of  modiUcation,  let  us  take  away  heariug, 
tasts,  oiitl  smell,  and  we  shall  have  proportionately  siuiplitiud 
tlie  contents  of  consciousness — the  reactions  of  the  sensorium 
—in  thus  fiimplifying  the  organism.  There  still  will  remain 
Touch,  Tenij>erature,  Pain,  and  the  Systemic  Sensations. 
There  will  still  remain  an  organism  to  react  on  impressions. 
So  long  as  there  is  a  living  or^^anism,  however  truncated, 
there  is  a  sentient  mechanism.  \V'hcu  the  bniia  has  been  n> 
moved,  the  removal  cnuiies  both  a  diiturbattet  of  fuDcUon  and 
*  /on  (if  function ;  tlie  mechanism  has  been  seriously  int«r- 
fered  with ;  yet  all  those  parts  of  the  mechanism  which  still 
CDMiperatH  manifest  their  physiological  aptitudes.  The  ani- 
mal van  live  without  itx  brain,  ergo  it  cnu  feel  without  ita 
litviu.  niwrrvatiim  proves  this,  for  it  discovers  the  brainlosa 
»Diiiial  inuiiifeKting  various  sensibilities,  and  combining  vari- 
ous tnovemenu.  The  vision  of  the  brainless  animal  is  greatly 
iinpoiml.  but  it  nevcrtholess  pt-raists.  Tha  intelligence  ia 
gnrutly  imimtnrd.  the  s{iouUuicily  is  reduced  to  a  minimum;  < 
but  still  both  intt-lligence  and  »]H>nlat)eity  are  Dianifesled. 

36.  The  physiologist  has  only  two  couclusioiis  open  M  ' 
him.  Either  he  holds  Sensation  lo  bo  a  properti/  of  ner 
tiasac — and  in  that  csmr  be  must  assign  it  to  the  spinal  oonl 
■a  to  the  bmia ;  or  else  he  holds  Sensation  to  bo  %/unttiomot 
in  organ — and  in  that  esse,  although  analytically  he  may  A*-- 
compose  the  oipmisin  into  eeponUe  organs,  assigning  spcctal 
itanaotiona  lo  the  reactions  of  each,  h«  must  still  admii 
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that  in  reality  these  organs  only  yield  sensations  as  compo- 
nent parts  of  the  organism.  The  notion  of  a  separate  orgaD, 
such  as  the  brain,  being  the  exclusive  seat  of  sensation  is 
thus  seen  to  be  untenable. 

In  popular  phrase,  "  it  is  not  the  eye  which  sees,  but  the 
mind  behind  the  eye."  It  is  not  the  stimulus  which  is  the 
object  felt — it  is  the  change  in  consciousness — the  reaction  of 
the  sensorium.  No  one  would  propound  the  absurdity  that 
the  retinal  cells  see,  or  the  auditory  cells  hear  (although  by  a 
conventional  ellipsis  these  cells  are  said  to  be  "  percipient "  of 
colours  and  sounds),  yet  many  writers  have  no  hesitation  in 
asserting  that  the  cerebral  cells  are  the  seats  of  these  and  all 
other  sensations.  In  a  hundred  treatises  may  be  read  the 
most  precise  description  of  the  transformation  of  molecular 
changes  in  the  retinal  cells  into  molecular  changes  in  the 
cerebral  cells,  where,  it  is  said,  "  we  know  that  the  stimu- 
lations become  sensations."  Now  who  knows  this  ?  How  can 
it  be  known  ?  Nay,  who,  on  reflection,  fails  to  see  that  this 
cannot  be  so  ?  If  a  sensation  of  sight  were  not  much  more 
than  a  molecular  change  in  the  cerebrum  stimulated  by  a 
molecular  change  in  the  optic  tract,  three  conclusions  would 
follow,  each  of  >\hich  is  demonstrably  erroneous : — 

I.  The  cerebram  in  a  decapitated  animal  would  respond  by 
a  sensation  of  sight  to  a  retinal  stimulation. 

II.  The  animal  deprived  of  its  cerebrum  could  not  respond 
by  a  sensation  of  sight  to  a  retinal  stimulation. 

III.  The  same  retinal  stimulation  would  always  produce 
the  same  cerebral  process  and  the  same  sensation ;  whereas 
tlie  sensation  depends  on  the  condition  of  the  sensorium  at 
tlie  time. 

36.  The  difference  between  the  Eeflex  Theory  and  that 
here  upheld  is  important  in  its  general  relations,  and  yet  turns 
on  a  point  which  may  easily  appear  insignificant.  The  Re- 
flex Theory  asserts  that  when  a  sensory  nerve  is  stimulated, 
the  excitation  of  the  centre  may  either  subdivide  into  two 
waves,  one  of  which  passes  directly  to  the  brain  and  there 
awakens  sensation,  the  other  passes  over  to  the  motor-roots 
and  causes  muscular  contractions ;  or,  instead  of  thus  subdi- 
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VHlin;*.  thv  wave  inRy  pass  at  once  to  tJie  motor- nerves,  and 
Uieii  than  U  movement  without  sunsatiou.  ThU  u  obvtoasly 
■  restatement  Jn  uiatomicRl  terms  of  the  olMi-rvt-d  fact  tliat 
aome  reflexea  take  placo  conitciausly  and  Bamt  uncoiiscioitsly. 
But  wliat  evidence  ta  ilnTe  for  ihU  anatomical  stateniutil  f 
Wi*  liavu  scon  that  there  ib  none.  According  to  all  we  actually 
know,  and  rea-f^naUly  infer,  the  continitity  of  liHSue  and  the 
imdiaUonorcxoiUtiun  an.:  such  that  the  stimulus  wave  mast 
khraya  effect  the  whole  system,  so  that  braiu  and  cord  beiuj; 
•CructuniUy  uuit^Ml,  their  reactions  must  co-operate  with  vary- 
ing en«>>:>-  ili-)i«ndent  on  their  stattcul  coDclitioiis  at  tliu  time.' 
37.  The  jibyaiologicnj  fact  tliat  the  imdiation  is  rrttrietrd 
to  ccitUD  ])atht>,  an«)  therefore  only  certain  ponions  of  the 
«4ial«  aystem  am  excited  to  di«:ljar^ — the  fact  that  stimuht- 
tiaa  takes  efTect  along  the  lines  of  least  resistance — is  that 
whiebKiveslheJiellexTheory  its  plaosihlo  aspect.  But  this  fact 
uf  restriction  is  not  deptindent  un  an  aaatomicni  di8]x)«ition  of 
stnietare,  it  is,  as  we  have  already  seen  (Problsm  II.  §  |66\ 
ilependent  on  a  fluctuating  phyitiolo^ical  iliniMsitioti — a  teni- 
fM^aiy  statical  condition  of  the  centres.  And  it  enables  us 
to  undentand  why  the  reflex  action  which  is  at  one  moment 
a  distiiicUr  conscious  or  even  a  volitional  action,  is  at 
BOntbHr  Biil>-c<>iiMnouB  or  unconscious.     When  an  object  is 

*  Tkr  iilui  ul  hfiiid  aHalomiail  mtrhanvm  for  n-fli-iion,  noeli  a*  tint 
uf  an  rirJto-iuotoTf  tyiili'iii.  it  ojiiiiiletvljf  r^ruti-d  l>j  ihu  fscl  lliut  tbir 
i;n7  fubituice  tusf  anyirlitrra  be  cut  awir,  and  yet  fo  long  u  •  iniBll 
hiiiig*  of  Kny  <nbMancii  tiunun*  ths  itimulation  will  bn  prnjajiairil 
tlirou^  it.  Tbo  iilM  of  aJUrd  ytUkitay  i«  al*>  rvfutnl  hj  th«  Imut  <•( 
ibB  TahatiuDi  lu  the  rdlcx  iu{>uiibf*,  kii  J  tlie  nrreuBry  imullatioD  vvbu 
fur  tny  nmiila  trflciPit.  Take,  for  example,  that  of  limttiiint;.  An 
irritation  of  tli*  liruDcliial  flUinvntu  U  Iraniiliiitted  lijrtha  pD«nmo|,-i*trHi 
l«  lit  nrutn  tn  the  lucilulla  fiblnD^iita  ;  rrotn  thin,  hownru.  It  !■  iiiiinc> 
dUleljr  imdiolcil  imtur^nU  in  the  cervical  oiid  donnl  rei;umj,whi>;li 
lonUTBU  ti)«nitucl«*t>f  bhe>t  and  dUlihrajn".  and  v|i<nirtlt  to  the  bnin, 
whither  the  ■UmuUtiun  avnlti^n  CMiactoii>iiOM  or  n«l  One  nwy  jwv, 
iaJ— d,  that  inouiincb  oi  under  numisl  cacdiliciii  the  Immchial  hrltn- 
lion  alwap  cauiv*  ■  ii>i>Vf  iix-iil  of  a  porticiitor  ftouf  uf  noMlai,  Ihuv  it 
lo  this  citaal  a  liisd  |>athwaf  of  •ImJiarK*  ;  bat,  «•  I  hsva  fomisriy 
upbiflMl,  tlui  ia  ooljr  an  Mpreaaiun  of  the  particular  teniion  of  par- 
(iealar  esntra,  ami  ia  variaUe  «itb  that  tcnnon  :  the  otiiet  untica  ore 
aimi  iffTT'rf,  crvu  «  bm  tlioj*  an  not  udlvd  to  ili»chari[e. 
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placed  in  the  hand  of  an  infant  the  fingers  close  over  it  by  a 
simple  reflex.  This  having  also  been  observed  in  the  case  of 
an  infant  born  without  a  brain  *  one  might  interpret  it  as 
normally  taking  place  without  brain  co-operation,  were  there 
not  good  grounds  for  concluding  that  normally  the  brain  must 
co-operate.  Thus  if  the  object  be  placed  in  the  hand  of  a 
boy,  or  a  man,  the  fingers  will  close,  or  not  close — not  accord- 
ing to  an  anatomical  mechanism,  but  according  to  a  physio- 
logical condition :  if  the  attention  preoccupy  his  sensorium 
elsewhere,  his  fingers  will  probably  close,  probably  not;  if 
his  sensorium  be  directed  towards  the  object,  either  by  the 
urgency  of  the  sensitive  impression,  or  by  some  one's  pointing 
to  the  object,  the  fingers  will  close  or  not  close,  just  as  he 
chooses — perhaps  the  hand  will  be  suddenly  drawn  away. 
The  centre  of  innervation  for  the  fingers  is  in  the  cord,  and 
from  this  comes  the  final  discharge  of  the  sensitive  stimula- 
tion ;  but  the  neural  processes  which  preceded  this  discharge, 
and  were  consequent  on  the  stimulation,  were  in  each  case 
somewhat  difierent.  In  each  case  the  impression  on  the  skin 
was  carried  to  the  cord,  and  thence  irradiated  throughout  the 
continuous  neural  axis,  restricted  to  certain  paths  by  the  re- 
sistance it  met  with,  but  blending  with  waves  of  simultaneous 
excitations  from  other  sources,  the  final  discharge  being  the 
resultant  of  these  component  forces.  We  may  suppose  the 
brain  to  be  the  seat  of  consciousness,  and  yet  not  conclude 
that  the  brain  was  unaffected  because  the  fingers  closed  un- 
consciously ;  any  more  than  we  conclude  that  the  retina  of 
the  unoccupied  eye  is  unaffected  by  light  when  with  the 
other  we  are  looking  through  a  microscope,  and  only  see  ob- 
jects with  this  eye — though  directly  we  attend  to  the  impres- 
sions on  the  other  eye  we  see  the  objects  which  before  were 
unseen.  We  know  that  the  muscles  of  the  back  are  all 
involved  in  walking,  standing,  &c.,  but  we  are  seldom  con- 
scious of  their  co-operation  till  rheumatism  or  lumbago  makes 
us  painfully  alive  to  it. 

38.  The  two  main  positions  of  the  Keflex  Theory  are,  I^ 
that  reflex  actions  take  place  without  brain  co-operation, — 

*  Lallemand  :  Recherches  tar  VEncSphaUy  iii.  310. 
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I  [>n)vpd  by  obsfrvatioii  ot  decspitaLed  aiiimalH;  2*,  that 
My  take  place  without  brain  uo-operatioti. — as  proved  by 
r  being  unconscious  of  them. 

To  these  the  answers  iin- :  i  °.  The  proof  drawn  from  ob- 
n-ntion  of  decapitated  auiinnls  is  defective,  Iwcause  tlie 
loaditioQs  of  the  oi^'anism  are  Llien  abnormal — there  is  a 
isturbance  of  the  mechanism,  and  a  Iohr  of  some  of  its  com- 
ments. Tlia  fact  that  a  reflex  occurs  in  the  absence  of  the 
1  is  no  proof  that  reflexes  when  the  brain  is  present 
ocvtir  without  its  purticipiitioti.  2'.  Tlie  aliseiice  of  eon- 
sciousneu  cannot  be  accepted  as  proof  of  tlie  bruin  not  U'in^' 
in  action,  l>ecause  nnicfa  bmin-work  is  known  to  pass  un- 
oonsciooaly.  and  there  are  cerebral  reflexes  which  have  the 
samt!  characters  aa  spinal  reflexes, 

39.  A  prick  on  the  great  too  tniverscs  tho  wliolu  length  of 
tite  «pinul  axis  with  enbcts  maniftist««i  in  various  organs — llie 
muccles  of  the  limb,  the  heart,  ihr  chest,  the  eyea,  Ac.  Thi;  ley 
is  witlidrawii,  the  heart  mouiuntly  arrested,  the  eyes  turned 
I  tlie  source  of  irritation,  the  thoughts  directed  to- 
rdi  Tthei  These  eflectd  c&n  be  observed — there  are  oth«n 
I  lie  beyond  our  obser%'atiun,  and  can  only  be  revealed 
!  exptirimental  tests.  Rut  even  the  observable 
i  very  fluctuating,  becaiisi;  they  depend  on  flucta- 
§  •ooditjuns.  All  we  can  say  is,  that  so  long  as  there  is 
tJODtianity  of  structure,  there  un^t  be  continuity  of  excita- 
tion; and  ihe  brain  structurally  connected  with  the  centre 
uf  a  itcoiKfry  impressiuu.  must  necessarily  co-opeiate  more  ur 
IcM  in  the  reactions  of  that  centre.  In  other  words,  the 
brain,  although  not  the  exclusive  seat  of  sensation,  plays  a 
t  in  every  particular  sensation,  so  lung  as  it  fonos  a  part. 
t  the  stimulated  organism. 

h  40.  Tht4  view  boinj;  so  widely  opposed  to  the  view«  currant 
Illogical  scItnoU,  I  was  gratified  to  find  Dr.  Crichton 
^led  by  bis  rewardies  to  a  conclusion  not  unlike  it  in 
I  foaturea.     In  his  essay  un  the  KuncUons  of  the 
f  llmlami  *  (well  worthy  of  attention  on  other  grounds) 
lays :  "  Allowing  the  spinal  curd  a  power  of  indepondeut 

'  Wttt  Biding  latialii  ,rf«y(*n  StporU,  1875,  ToL  T,  pp.  JJJ.  •{. 
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action,  it  may  still  be  that  it  generally  acts  reflexly  through, 
or  in  association  with,  a  superior  centre.  The  sensorial 
ganglia  can  undoubtedly  act  alone  in  a  reflex  manner,  but 
they  almost  invariably  consult  the  cerebrum  before  dealing 
with  the  impressions  which  they  receive ;  so  it  may  be  that 
the  spinal  cord,  though  capable  of  spontaneous  reaction,  may 
yet  commonly  refer  to  some  higher  seat  of  compound  co- 
ordination before  sending  forth  an  answer  to  any  message 
brought  to  it."  What  is  here  stated  as  a  possible  and  occa- 
sional process,  I  consider  to  be  a  necessary  and  universal 
process.  Dr.  Browne  acutely  remarks  that  if  "  what  may  be 
termed  the  encephalic  loop  were  an  integral  part  of  every 
reflex  act,  then  the  influence  of  an  intracranial  lesion  iu  check- 
ing reflex  action  would  not  be  difiicult  to  understand  " — and 
we  may  add  the  notorious  influence  of  the  brain  in  arrestiug 
reflex  actions,  and  modifying  them  by  the  will,  which  is  only 
explicable  on  the  supposition  that  the  cerebral  and  spinal 
centres  are  functionally  associated.  Dr.  Browne  further 
remarks :  "  In  experimenting  upon  myself  I  have  sometimes 
thought  that  when  the  toe  is  pricked  the  sensation  of  pain 
actually  precedes  the  movement  of  withdrawal ;  and  in  ex- 
l>erimenting  upon  patients  with  sluggish  nervous  systems  I 
have  certainly  noticed  that  after  the  pricking  of  the  toe  the 
little  cry  of  pain  has  anticipated  the  muscular  contractions 
of  the  leg.  Now  this  cry  of  pain  is  a  secondary  reflex  act 
through  the  sensorial  centre ;  it  is  the  result  of  a  discharge 
from  efferent  nerves  from  the  summit  of  what  we  have 
spoken  of  as  the  encephalic  loop  line ;  and  we  should  cer- 
tainly not  expect  that  it  would  be  developed  earlier  than 
the  primary  reflexion  upon  the  motor  apparatus,  unless 
indeed  what  we  have  regarded  as  the  primary  reflexion 
really  itself  took  place  by  way  of  the  loop  line." 

41.  The  difference  between  a  voluntary  and  involuntary 
act  is  not,  I  conceive,  that  in  the  one  case  the  brain  co- 
operates and  in  the  other  is  inactive,  but  that  while  in  both 
the  brain  co-operates,  the  state  of  the  sensorium  known  as 
mental  prevision  or  ideal  stimulation,  is  present  in  the  one, 
and  absent  or  less  conspicuous  in  the  other.      So   likewise 
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3  between  a  normiil  redox  ftction  accompanied, 
and  the  siuiie  action  unact^ntaiianied  by  conscioasnciss,  is  not 
t)iat  the  brain  co-operatca  in  the  one  and  is  inactive  in  the 
other,  but  that  the  state  of  tho  scnsoriuni  is  somevhat  dif- 
ferent in  tho  two  ciis(«.  Movements  which  originully  were 
vohmlju^-  and  difllciilt  of  cxucuLiwn — accompanied  therefore 
by  bmiiJ  co-operation — become  by  frequent  repetition  auto- 
matic, eaay  of  execution,  and  unconscious — they  are  then 
said  to  depend  on  tlie  direct  action  of  the  established 
medianism.  Gmiitcd.  But  what  are  the  components  of 
this  mudinnisin  ?  Am  they  not  just  those  centres  and  or<;anfl 
which  at  fimt  cffcetcd  tlie  movements  ?  In  becoming  easy 
anrl  automatic,  the  movemcnta  do  net  ehan/fe  ikcir  tnechaniKM 
— lli«  moWny  organs  and  the  motor  conditions  remain  what 
tbcy  VGTe ;  all  Limt  is  changed  is  tho  dcgroo  of  conscionroeas, 
tju,  the  date  of  the  Beusonum  wliich  precedes  and  succeeds  the 
movement.  It  is  lliis  which  constitut^^a  the  difficulty  of  the 
quvfttiuti.  Some  n'aders  may  consider  tliat  all  is  conceded 
wbim  onoonAciouaneas  ia  admitted.  But  this  is  not  so.  My 
present  argument  is  tlio  physiological  one  that  the  brain  co- 
(■Itomtea  in  reflex  actions  whenever  the  brain  is  stnicturolly 
.  [iit«d  with  the  reflex  centres ;  the  i>sycliologicjil  question  as 
!'i  whi-tlivr  conscioiisnt-ss  is  also  involved  in  this  brain-eo- 
•^-pL'Tntioti  muitt  be  debated  on  other  groumla ;  aud  ve  have 
«lr«i<ly  Men  that  consdouaneas  operatea  in  gradations  of 
iufliiite  delicacy. 

Olaervo  a  man  performing  some  automatic  action,  such  aa 
pbining  a  dual  boanl,  or  cutting  out  a  pattern,  which  he  has 
•lone  so  often  tlmt  he  is  now  able  to  do  it  "mechanically." 
It  is  eertain  that  his  brain  co-operates,  and  that  he  could  not 
act  than  with  an  injured  liroin  ;  yet  he  is  said  to  act  nncon- 
frionair.  his  brain  occupied  elsewhere  as  he  whistles,  talks  to 
byBtanduis,  or  thinks  of  }m  wife  and  (children.  Yet  tho  brain 
is  aeting  as  an  overseer  of  his  work,  att^^ntive  to  everj'  atroke 
of  the  [Jane,  every  snip  of  the  ecissora;  and  thifl  beoomes 
evident  directly  Itis  alt<.<nticin  is  othenriso  absorbed  by  an 
inti)raBtin;f  question  addre^etl  to  him,  or  uu  interesting  object 
g  bis  uyo :  tlicn  tho  work  pauses,  lii«  hands  are  anested. 
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and  the  automatic  action  will  only  be  resumed  when  his 
attention  is  released — ^when  he  has  answered  your  question, 
or  satisfied  himself  about  the  object. 

42.  This  is  a  step  towards  understanding  the  co-operation 
of  the  brain  even  in  those  connate  reflexes  which  were  not 
originally  voluntary  acts,  but  were  from  the  first  organised 
tendencies,  and  are  capable  of  being  realised  in  the  absence 
of  the  brain.  I  admit  that  it  is  diflBcult  to  find  proof  of 
brain-co-operation  here,  though  I  think  the  anatomical  and 
physiological  evidence  render  it  highly  probable.  But  dis- 
tinct proof  to  the  contrary  would  not  suffice  for  the  Keflex 
Tlieory — would  not  prove  that  reflex  actions  were  insentient 
— unless  there  had  previously  been  proved  that  which  seems 
to  me  contradicted  by  the  clearest  and  most  massive  evi- 
dence, namely,  that  the  brain  is  the  sole  seat  of  sentience. 
This  contradictory  evidence  we  will  now  furnish. 
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43.  tx  the  last  chapter  wc  surveyed  tbc  deductive  eri- 
dcnce,  from  which  the  coDoUision  was  that  lieflexion  neccA- 
•arily  involves  Sensibility,  but  not  nocesaarily  aiiy  oue 
{Aitkular  mode  of  ScusibiUly.  Eiich  U8  Conscitmaness,  Pain, 
DiMomfurt,  Attention,  or  the  ruactiun  of  any  ono  of  the 
•peoial  Senses.  AIthou<;]i  each  <jr  all  of  tlietto  modes  may  bg 
i&rolved  in  the  sensorial  proctssa  which  detcmiiiiea  a  reUex 
octt  wtcJi  or  all  may  be  ubcent.  Such  is  the  fact  of  observa- 
tton.  Hiis  fuct  is  interpreted  or  the  hyjiotheeis  that  lie- 
;!-xioQ  is  the  exclusive  property  of  tlio  spiiial  cortl,  as 
^  DsatioQ  is  of  the  hraio.  When  we  come  to  examiue  the 
>^  ■idaace  for  this  liypotheau).  we  find  il  to  inuvo  in  a  circle: 
the  fanin  is  said  to  bv  thu  uzclusive  scat  uf  sensation, 
twoBOH  nflex  actions  can  Lie  elTected  sdur  ita  removal ;  and 
reflex  actions  are  said  lu  be  insentient  becaune  Uiey  Loko 
yUice  in  tlie  abiieuce  of  the  broiu. 

A  ^^tleinaa  was  one  day  stoutly  assorting  that  there  were 
DM  };uhl-fieMB  except  in  Mexico  and  Peru.  Anu^gvt,  dnjj  up 
in  California,  was  presented  to  biin,  ne  uvidenco  against  his 
{■cMitivH  oHMTlion.  He  wiks  not  in  tlie  least  disconcertal. 
"  Tliifl  niittui,  sir,  i.*,  I  own,  extrt;iuely  like  gold ;  and  you  tell 
nM>  that  it  ]>aii.4cs  as  Huch  in  the  market,  having  been  docloml 
by  the  asBnyei^  to  bo  nndistio^uishable  fruni  the  precious 
I  ii'toL  All  this  I  will  not  dispute.  NcvcrthcJcBs,  tlie  uti»lul 
.  -  mtt  ^>ld,  but  auruminium  ;  it  cannot  bo  gold,  Ucuuu  gold 
<  <raes  ixdy  from  Mexico  luid  Peru."  In  vain  was  ho  in- 
foruuKl  that  tliu  ;;iK>l<';-ictd  formation  was  eimilar  in  California 
and  Peru,  and  tho  niLtids  similar;  he  hju)  lixcd  in  his  miud 
Uae  eooclusiou  that  guld  existed  unly  in  Miuuco  and  Petu : 
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this  was  a  law  of  nature ;  he  had  no  reasons  to  give  why  it 
should  be  so :  but  such  had  been  the  admitted  fact  for  manv 
years,  and  from  it  he  would  not  swerve.  He  was  not  fond  of 
newfangled  notions,  which,  after  all,  would  only  lead  us  back 
to  the  exploded  errors  of  the  past.  To  accept  the  statement 
tliat  gold  was  to  be  found  elsewhere  than  in  Mexico  and 
Peru,  would  be  to  return  to  the  opinion  of  the  ancients,  who 
thought  there  was  gold  in  the  upper  regions  of  Tartary! 

Sensation  is  not  tangible,  assayable,  like  gold.  We  can 
Tmderstand,  therefore,  that  the  very  men  who  would  make 
merry  with  the  mtruminium,  would  accept  easily  such  a 
plirase  as  "  reflex  action."  The  decapitated  animal  defends 
itself  against  injury,  gets  out  of  the  way  of  annoyances,  cleans 
itself,  performs  many  of  its  ordinary  actions,  but  is  said  to  do 
tliese  things  without  that  Sensibility  which,  if  its  head  were 
on,  would  guide  them.  Even  before  the  Eeflex  Tlieory  was 
invented  this  line  of  argument  was  used.  Gall,  referring  to 
tlie  experiments  of  Sue,  previously  noticed,  says  that  "  Sue 
confounds  the  effects  of  Irritability  with  those  of  Sensibility."  * 
Not  gold,  dear  sir,  but  auruminiuvi ! 

44.  On  investigating  tlie  phenomena  we  soon  come  upon 
two  classes  which  must  cause  hesitation.  We  find  that  the 
brain  has  its  reflex  processes,  of  the  same  order  as  those  of 
the  cord ;  we  find  that  these  processes  may  be  conscious  or 
unconscious,  voluntary  or  involuntary;  so  that  we  can  no 
longer  separate  brain  from  cord  on  the  ground  of  Eeflexion. 
In  this  respect,  at  least,  the  two  are  mechanisms  with  similar 
powers.  Turning  now  to  the  other  class  of  phenomena,  we 
find  that  precisely  as  the  brain  is  an  organ  of  Reflexion,  the 
cord  is  an  organ  of  Sensation.  All  the  evidence  we  can  have, 
i'rom  which  to  infer  the  presence  of  sensation,  is  furnished  by 
the  sensorial  processes  in  the  cord.  Eemove  the  brain,  and 
the  animal  still  manifests  Sensibility,  and  this  in  degrees  of 
energy  and  complexity  proportional  to  the  mechanisms  still 
intact:  some  of  these  manifestations  have  the  character  of 
volitional  actions,  some  of  automatic  actions,  some  of  Memory, 
Judgment,  and  selective  Adaptation.     These  we  observe  not 

•  Gall  et  Spurzheim  :  AnaL  et  Physiol  du  Systhne  Nerceux,  i.  Zy 
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1  witli  tlie  ennrgy  and  variely  nf  snch  manifesUlions 
IvIm-41  Uiu  Iimiti  co-operatea,  Riuce  the  disturbance  of  titc 
canUm  which  ia  tlio  consequence  of  the  brain's  removal — 
r  the  meagreness  of  tho  orgnnism  which  is  the  corrclattre  of 

0  bnun  never  having  lit-eu  (leveloiHMl — ninsl  of  course  in- 
An  A  corresponding  difference  in  the  observed  plirnomcnu ; 

*  'BTKHnt  here  brought  forwani  19  that  phenoniena  of  tbo 
"  •  are  manifested  by  orgnnisma  with  ot  wiUiont  a 

45.  Ixt  us  go  eerialini  through  the  cviilL-ncc  of  these  two 
cUsses: — 

CEREBRAL  REFLEXES. 

While  Theory  separated  the  actionx  of  the  cord  from  lho»e 
F  the  brain  on  tho  ground  of  tlteir  being  at  times  uncon- 
iou9  and  involuntary,  Obsc^^■ntion  ilisclosed  that  thli  dis- 
ction  could  not  be  mainUiined. 
This  step  was  taken  by  Dr.  Ijiycock  in  1840.  In  a  strik- 
%  p«pcr*  re-ad  by  him  at  the  British  Associntion  in  1844. 

1  brought  together  the  eridence  on  which   hia  view  was 
inded.    Tlie  idea  has  been  adopted  and  iUuatrated  in  the 

rittngfl  of  Dr.  Carpenter,  who  now  calls  the  action  "  aocon- 

a  cerabration." 

"  I  vu  led  to  this  opinion,"  Dr.  Laycock  says  in  anoounc* 

g;  his  vlflw,  "  by  tho  geneml  principle  that  the  ganglia  witliiti 

1  being  a  continuation  of  the  spinal  cord,  mu-it 

fly  be  regulated   as  to  their  reaction   on  extenml 

I  by  laws  identical  with  those  governing  thu  spinal 

■  and  their  nnidogu<:!S  in  the  lower  animnia,     If,  there- 

',  tho  spinal  cord  is  n  centra  of  reflexion,  tint  brain  mtnrt 

I  he  one."     It  is  a  luatler  of  regret  that  Dr.  laycock  did 

not  extend  this  principle,  and  declare  that  whatever  was  truo 

of  tlie  prvperlifs  ot  the  cranial  centres,  must  also  Im  tme  iif 

tlifl  itHoal  ovntivs;  if  tho  brain  have  Sensibility,  tlm  spinal 

mepnl  mnat  aluo  have  it. 

Dr.  Laycock  refers  to  the  curious  phenomena  of  Hydto- 
*  PdiUvl  la  Um  Urituk  and  Forrijm  itedietd  tUritw,  Jul,  184}. 
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phobia  in  proof  that  reflex  actions  may  be  excited  by  the 
optic  nerves,  or  by  a  mere  idea  of  water.  When  a  mirror 
was  presented  to  a  patient,  the  reflexion  of  the  light  acting 
on  his  retina,  in  the  manner  of  a  reflexion  from  the  surface 
of  water,  produced  a  convulsive  sobbing,  as  in  the  attempt  to 
swallow  water,  and  the  patient  turned  aside  his  head  with 
expressions  of  terror.  Money  was  given  him  to  induce  him 
to  look  a  second  time,  but  before  he  had  looked  a  minute,  the 
same  effect  was  produced. 

The  idea  of  water  excited  similar  convulsions.  No  sooner 
was  it  suggested  that  the  patient  should  swallow  a  little 
water  than  he  seemed  frightened,  and  began  to  cry  out.  By 
kindly  encouragements,  ho  was  brought  to  express  his  will- 
ingness to  drink,  but  the  sound  of  the  water,  as  it  w^as  poured 
out  again,  brought  on  convulsions.  In  another  case,  "on 
our  proposing  to  him  to  drink,  he  started  up,  and  recovered 
his  breath  by  a  deep  convulsive  inspiration.  On  being  urged 
to  try,  he  took  a  cup  of  water  in  one  hand,  and  a  spoon  in 
the  other.  With  an  expression  of  terror,  yet  with  great  reso- 
lution, he  filled  the  spoon,  and  proceeded  to  carry  it  to  his 
lips;  but  before  it  reached  his  mouth,  his  courage  forsook 
him,  and  he  was  forced  to  desist.  He  repeatedly  renewed 
the  attempt,  but  with  no  more  success.  His  arm  became 
rigid  and  immovable  whenever  he  tried  to  raise  it  to  his 
mouth,  and  he  struggled  in  vain  against  this  spasmodic 
resistance." 

In  1843  Griesinger — who  appears  to  have  known  nothing 
of  Dr.  Laycock's  paper — published  his  remarkably  suggestive 
memoir  on  Psychical  Reflexes,*  in  whicli  he  extends  the 
principle  of  Reflexion  to  all  the  cerebro-spinal  centres.  The 
whole  course  of  subsequent  research  has  confirmed  this  view ; 
so  that  we  may  say  with  Landry, "  L'existence  du  pouvoir 
r^flexe  dans  renc(5phale  ou  dans  quelques  unes  de  ses  parties 
^tablit  une  nouvelle  analogic  entre  le  centre  nerveux  cranieu 
et  la  moelle  ^piniere."t     Indeed  we  have  only  to  consider 

•  Griesinger  :  AhhandlungtHy  1872.    The  first  volume  contains  a 
reprint  of  this  memoir. 
t  LA.NDRY  :  TraiU  des  ParahjsieSy  i.  55.    Conf.  Ziemssen  :  Chorta  in 
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t  IJioghtCT  whicli  follows  ft  ludicrous  iilca,  or  tliu  Terror 

which  ffiUows  a  siiggcfttion  of  danger, — the  varying  ami  iii- 

vuliiiitary  eiqircAsion  of  Emotion, — aud  the  curious  pheuo' 

L  inenii  of  Imitatioa  nnd  Contagion, — to  see  how  large  a  pkce 

[«bral  reflexion  occupies. 

46.  Thii  exifit«nco  of  cerebral  reflexion  having  been  thus 
ulo  nuuiifcst,  T)r.  Carpenter  classed  all  reflex  actions  under 

I  lime  hfinds:  l".  the  cxcito-motor,  determined  by  the  3i>iual 
,  the  sonsori-tnotor,  determined  by  the  ganglia  ut 
hti  hose  of  the  bmin ;  3°,  ideo-motor,  determined  by  the 
From  all  these  Consciousness  ie  absent.  From  tlie 
PSfst,  he  Buppoaes  Sensation  to  be  absent.  As  an  artifice, 
ntch  a  classification  may  have  its  value,  but  it  is  physio- 
logically and  psycholugically  mislendin!^.  It  sustains  the 
hypothesis  of  an  imn^'nary  excito-motor  mechnniiim.  It 
lrict«  Sensibility  to  one  of  its  many  modes.  It  fails 
^ther  to  connect  Sensation  with  Thought,  the  Logic 
f  Feeling  with  the  Loj.'ic  of  Signs. 

47.  The  view  of  St'nsibility  as  common  lo  the  whole 
Rbro-spinal  axis,  is  by  no  means  new.  Robert  Wliytt 
lUDtaincd  ft.    Prochaskn  hold  that  the  spinal  cord  fonued 

•  grenter  part  of  the  wTworiwm  commnne;  aad  he  adduced. 
t  proof,  tlie  familiar  facts  of  sensiliility  manifested  by  head- 

I  animals.  The  next  writer  whom  I  can  discover  to  have 
held  this  opinion  is  J.  .F,  Sue — the  father  of  the  celebrated 
French  romanre-wnter — who,  in  1803,  conceived  tliat  his 
exp«!Timontji  provwl  the  spinal  t^ord  U>  l»c  capolJo  of  re- 
placing, to  a  certain  extent,  the  functions  of  tlio  brain.* 
Next  came  Legallois,*  who  undertook  to  show,  by  a  series 
of  experiments,  that  the  principle  of  sensation  and  move- 
ment, in  the  trunk  and  extremities,  has  its  teat  in  the  spinal 

the  Hiiiuiiutb  drr  ipftirUn  PalkoUgU,  Bd,  xii,  3,  p.  408.      Alld  ItVTR  : 
StnJtt  dtjAftiol.  ttpathol.  etrfbralet,  1874,  fp.  8^-94. 

•  Bt'B :  AwAmvAh  PAaMojAi^HM  mr  la  Vit^liU  ri  U  Galtammu, 
p.  9.  Ho  wu  not  eontittat,  howtnr,  bnt  sitofdcd  Bidial'i  opiatMi 
mpeeliag  tb«  Kuibility  of  the  ritcetw,  p.  68. 

t  LsaiLLots :  ^jtlritnea  tur  U  priae^  A  fa  ml  PubUdwd.  I 
coDcIuJe,  in  iSi  I ;  Ike  «UtJun  I  dm  i>  tho  one  printod  bi  iht  fiwfdv- 
fnUu  da  Seiaua  Mtdicait*,  tr. 
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cord.  The  mere  division  of  the  cord,  he  said,  produces  "  the 
astonishing  result  of  an  animal,  in  which  the  head  and  the 
body  enjoy  separate  vitality,  the  head  living  as  if  the 
body  did  not  exist,  and  the  body  living  as  if  the  head  did 
not  exist.  Guinea-pigs,  after  decapitation,  seem  very  sensi- 
tive to  the  pain  caused  by  the  wound  in  the  neck;  they 
alternately  cany  first  one  hind-leg,  and  then  the  other,  to 
the  spot,  as  if  to  scratch  it.    Kittens  also  do  the  same." 

A  few  years  afterwards,  1817,  Dr.  Wilson  Philip  concluded 
that  "  the  spinal  marrow  possesses  sensorial  power,  as  appears 
from  very  simple  experiments ;"  but  he  held  the  brain  to  be 
the  chief  source  of  sensorial  power.*  The  following  year, 
Lallemand  supported  this  opinion  by  the  very  curious  pheno- 
mena exhibited  by  infants  bom  without  brains :  these  infants 
breathed,  swallowed,  sucked,  squalled,  and  gave  very  unequi- 
vocal signs  of  sensibility.  The  value  of  such  observations 
consists  in  disproving  the  objection  frequently  urged  against 
the  evidence  of  decapitated  animals,  namely,  that  in  these 
animals  the  spinal  cord  preserves  the  remains  of  a  sensi- 
bility endowed  by  the  brain. 

Longet  here  places  an  observation  recorded  by  Beyer.  A 
new-born  infant,  whose  brain,  during  the  birth,  had  been 
completely  extirjjated  (to  save  the  mother's  life),  was  wra])ped 
in  a  towel,  and  placed  in  the  comer  of  the  room,  as  a  lifeless 
mass.  While  the  surgeon  was  giving  all  his  care  to  the 
mother,  he  heard  with  horror  a  kind  of  murmur  proceeding 
from  the  spot  where  the  body  had  been  placed.  In  three 
minutes  a  distinct  cry  was  heard.  The  towel  was  removed, 
and,  to  the  surprise  of  all,  this  brainless  infant  was  seen 
struggling  with  rapid  movement  of  its  arms  and  legs.  It 
cried,  and  gave  other  signs  of  sensibility  for  several  minutes.f 

In  1828,  Calmeil  arrived  at  the  same  conclusion  as  that 
reached  by  Legallois,  Wilson  Philip,  and  Lallemand.  Indeed 
when,  in  1833,  the  Reflex  Theory  appeared,  this  opinion  was 
so  firmly  rooted,  that  we  find  Mr.  Grainger  combating  it  as 

*  Wilson  Philip  :  Experimental  Inquiry  into  the  Laws  of  the  Vital 
Funciimis,  pp.  209,  210. 
+  Longet  :  Traits  de  Fhysiologie,  ii.  105. 
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•  esUbltsbied  error  of 
lat  physiologists 


iliLy.     Uu  takes  «a  inueli  pniiis  lo 


1  attributing  Beusatioii  to 

r  to  show  tliat  they  were 

JTUlit.*     "  It  is,  inileeJ,  apimrent,"  lie  siij-s,  "  that  the  wliolo 

■luvstion  conceminji  tho  truth  or  fuLschooil  of  tho  thvory 

wliich  Rttributes  thu  reflex  power  to  iho  spinal  con),  liingeti 

fetfjKm  thu  (x)rrectiH!S.s  or  iucorrcctiioss  of  tho  njceived  doctrinea 

;  the  seat  of  sensation  and  volition ;  so  tlial  until 

J  doctrines  arc  iiroved  to  be  false,  it  is  impcissiblo  to 

tobliah  the  h>T»tlie8i8  of  Dr.  Hall."  f 

I  Tliu  reader  is  reqncslwl  to  tako  uole  of  this,  because  when 

8  como  to  the  evidence  wliich  proves  Uiu  Spinal  curd  to  be 

•  cuntre  of  aeiisntion,  wo  shall  find  that  the  on/y  ground  for 

iejeclin)j  that  evidence  is  tho  assumed  truth  of  the  lEetlvx 

Theor}',  cou{iled  wiib  the  assumption  of  the   brain   being 

ihe  cicluaive  seat  of  sensation.     Whereas  if  the  evidence 

l-iovcs  that  the  spinal  cord  is  a  svi^ational  centre,  then  the 

KeBcx  Theory  is  ilustroyed,  and  cannot  be  urged  against  such 

prideiicc. 

48.  Tims  many  of  tlic  facts  wliich  prove  the  seiisaliunol 

ion  of  the  spinal  cord  were  known,  and  even  a  vt^pie 

!eplion  of  tlieir  real  signiticanco  was  general,  until  tltu 

iBei  Theory  coinc  to  explain  all  such  facts  as  the  results 

l^'ttf  merhanical  iidjnstmunt,  and  of  a  new  nervous  principle 

called  "  IteflexioD."     For  many  ycurs  lliis  theurj'  has  reigned, 

and  met  with  but  little  opixMition.     Yet  the  tniu  doctrine 

a  not  wanted  defenders  in  (Germany.    Kasse  |  denied  tlul 

»|HtAted  animals  showed  no  spontaneity;  he  asserted  that 

f  exhibited  clear  signs  of  mental  activity.     Carus  sarcos- 

llly  pouiled  out  that  the  worU  "  tvSvx "  was  replacing 

mtability  "  as  a  key  to  unlock  nil  puzzles ;  and  he  took  up 

kpoaition  which  is  very  similar  to  the  one  occupied  in  tltuu 

ca,  namely,  tliat  the  spinal  cord  being  formed  of  grey 

luattor  as  well  as  of  lilires,  it  must  have  sensibility  and 

*  He  (itei  Cuvitr,  U^jvudie,  DMiubuliu*,  and  M«ya  u  nwiuuiuiug 
Ikuermr. 

t  Geaixvui  :  Sintlan  niiif  Funtiiont  of  th  Spinat  Cent,  jt,  66. 
S  Utaai :  UnUn.  tur  Pki/tiiAogu  und  PatkokfU,  tuL  u.  put  2, 
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power  of  reacting  on  nen^ous  stimulus,  no  less  than  conducti- 
bility :  that,  in  fact,  it  is  a  centre,  and  must  act  like  all  other 
nerve-centres.*  J.  W.  Arnold  opposed  the  Reflex  Theory  in 
a  very  remarkable  little  work,  in  which  he  vindicates  the 
claim  of  the  spinal  cord  as  a  sensory  and  motor  centre, 
although  denying  to  its  actions  any  volitional  character.! 
This  was  in  1 844.  Eleven  years  elapsed  without  any  furtlier 
opposition,  when  Edward  Pfliiger,  in  1853,  published  his 
work  on  the  Sensorial  Functions  of  the  spinal  cord.J  In 
this  work  he  recurred  to  the  old  views  of  Prochaska  and 
Legallois;  but  although  he  attacked  Marshall  Hall  with 
merciless  severity,  he  did  not  point  out  the  fundamental 
error  of  the  Eeflex  Theory,  which  theory  he  seems  to  accept 
Nor  did  he  give  his  views  that  philosophical  and  anatomical 
basis  which  could  alone  render  his  interpretations  acceptable. 
Added  to  this,  the  tone  of  asperity  in  which  his  work  was 
written,  created  some  prejudice  against  him ;  and  thus,  while 
many  admitted  his  facts,  they  rejected  his  conclusions.  § 

In  1858  Professor  Owen  read  a  paper  of  mine  at  the  Leeds 
meeting  of  the  British  Association,  on  "  The  spinal  cord  as  a 
centre  of  Sensation  and  Volition,"  in  which  a  rapid  indica- 
tion of  my  point  of  view,  and  an  account  of  some  experi- 
ments to  illustrate  it,  were  given — not,  1  believe,  conclusive 
to  any  of  the  audience.  Indeed,  the  subject  was  too  vast  to 
be  discussed  in  such  a  paper ;  and  my  object  was  rather  to 
excite  new  inquiry,-  than  to  make  converts  to  a  view  which 
could  only  be  embraced  after  a  thorough  reinvestigation  of 
the  dominant  theories. 

In  1859  appeared  Schiflf's  work  ;||  and  here  we  find  a  large 
space  allotted  to  the  discussion  of  Pfliiger's  doctrine.  Schiff, 
whose  immense  experience  as  an  experimentalist,  and  whose 

*  Carus  :  System  dtr  Physiologic,  iii.  10 1. 

+  J.  W.  Arnold  :  Die  Lehre  von  der  Reflex-Function^  86. 

X  Pfluger  :  Die  sensoriscJien  Functionen  des  Riickenmarles  der  Wir* 
hclthiere, 

§  Except  AuERBACH,  who  repeated  and  varied  the  experiments  ;  and 
FuNKE,  who  partially  adopted  the  conclusions  in  his  systematic  treatise 
on  Physiolog)'. 

II  Schiff  :  Lehrhudi  der  Physiologie,  208. 
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and  ctntioit  every  one  will  highly  ostiinale,  (VnnJtly 
pronounces  in  favour  of  Ibe  sensntional  charnrter  of  gpinit] 
w-tioiis;  hut  lie  ctonies  that  iJiey  are  volitional,  and  objects 
strongly  to  the  iiilm<lnction  of  any  such  idea  as  that  of  '■  psy- 
clttcsl  actiinty."  TTis  thinks  it  utterly  untonablo  to  suppose 
that  impression?  have  reactions  in  the  brain  which  they  have 
■Dt  in  the  fiinnal  cord  ^if  one  has  sensibility,  the  other  must 
^inre  it ;  and  ho  thinks  that,  «••>  fitr  from  the  actions  of  Iho 
aonJ  bcin-j  rfiatitigui*hnMe  from  tlioee  of  the  hrnin  by  the 
< 'i.iractcr  of  "  reflf>xion,"  and  depending  on  a  meohanicnl 
nangtunpnt — all  aptions,  cerebral  or  spinal,  are  reflex;  all 
(Ici>end  on  a  mechanical  arranf;ement.* 

Since  that  time  there  has  been  the  reinnvknblo  work  of 
often  cited  in  tlicso  pag<:'s,t  and  his  subsequent 
ejqwriments  on  dogs,  which  (altliough  ho  lioea  not  decisively 
mlopt  the  views  of  I'fliiger)  furnish  ample  evidence  that 
wnsation  and  volition  cannot  be  exclusively  localised  in  the 
lirain. 

49.  Henbfl'fl  interesting  experiments  J  show  that  a  frog 
may  be  thrown  into  a  state  of  profound  sleep  by  the  with- 
drawn! of  nil  external  stimulation,  and  in  this  state  will 
rmuun  lyin;;  on  iu  bock  for  honr»,  Now  this  position  is 
one  so  v«Tiy  uncomfortable  that,  when  awake,  the  frog  will 
nut  retain  it  a  moment,  if  free  to  turn  round ;  and  when 
uleep,  a  prick  on  the  toe,  a  sudden  noise,  or  a  beam  of  light 
will  awoken  it,  cauain<;  it  to  turn.  Tlmt  is  to  any,  the  with- 
drawal of  the  normal  stimuli  so  lowers  the  sensibility  of  the 
frv/s  ncrve-ccntroa,  that  he  dix-s  not  feel  the  effei^tn  of  the 
unustud  jKwitiun,  but   feel.<)   them  directly  the  rtmtres  aru 

feLA]^>BT  :  Traiu  dtt  Pur<ityti*t,  1859,  DiBinUiiu  that  the  cord  1*  ■ 
In  uf  H!nuLl(iii,  nntl  thiil  Uivni  ii  in  It  >  TaciiU/  anatojfmii  lu  the  jiiir- 
tiou  md  Judgment  of  the  brmin.  Compon;  p[i.  163  el  tj.  anil  yij. 
H«  alM  ellM  *n  «uiit  hv  Dr,  Pato»  of  K-linliu'^U  (f:ili«buiyk  iftduat 
■/nvnuif,  1846),  in  wliich  the  leniaLiutia]  uid  vuUlJoiial  cklma  of  Lbe 
•|iiDaI  citd  ara  adrDDccd. 

t  OoLTl :  BtilrSfft  mr  Ltitrt  «ait  dtn  ^uiufionm  dtr  Jt'trmMaatm 
rfufVMdb*.  1869. 
X  PJUf^'t  Artkit,  B<1  siv.  f.  158. 
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stimulated  into  activity.  All  this  is  intelligible  enough  on 
the  supposition  of  the  state  of  sleep  being  dependent  on  a 
lowering  of  the  cerebral  activity.  But  what  shall  we  say  on 
learning  that  precisely  the  same  phenomena  are  manifested 
by  a  brainless  frog  ?  Every  one  knows  that  the  brainless 
frog  is  intolerant  of  lying  on  its  back,  and  immediately  turns 
round,  if  placed  on  it.  Yet  the  brainless  frog  may  be  thrown 
into  deep  sleep  by  the  same  exclusion  of  external  stimuU; 
from  which  he  also  will  be  awakened  by  a  prick,  a  noise,  or 
a  beam  of  light ;  and  no  sooner  is  he  awakened  than  he  at 
once  turns  round.  Were  the  brainless  frog  incapable  of 
sensation,  a  prick  on  his  toe  would  cause  a  simple  i-eflex 
withdrawal  of  the  leg;  but  this  is  not  the  effect;  on  tlie 
contrary,  the  stimulus  excites  the  whole  spinal  cord,  and 
whatever  sensation  of  discomfort  may  be  caused  by  the 
abnormal  position  of  the  limbs  in  an  uninjured  awakened 
frog,  is  excited  in  the  brainless  frog. 

50.  I  need  not  swell  this  chapter  with  examples  of 
Sensibility  in  animals  deprived  of  the  brain;  many  have 
already  been  given,  and  any  text-book  of  Physiology  will 
supply  more.  No  one  disputes  the  observations,  only  the 
inference  that  these  manifestations  were  sentient :  they  are 
said  to  have  been  merely  mechanical  reflexes.  If,  however, 
w^e  can  detect  in  them  some  evidence  of  what  all  recognise 
as  peculiarly  characteristic  of  Mind,  the  meclianical  inter- 
pretation w^ill  be  less  plausible. 

At  the  outset  the  reader  must  be  warned  against  exag- 
gerating and  distorting  the  bearing  of  my  remarks,  and  must 
not  suppose  that  I  disregard  the  vast  differences  between  the 
Logic  of  Signs  w^hich  belongs  to  Thought,  and  the  Logic  of 
Feeling  which  belongs  to  Sensation,  nor  suppose  that  I  look 
upon  the  spinal  cord  as  a  mental  organ  having  the  same 
fimctions  as  the  brain.  All  that  I  wish  to  establish  is  the 
common  character  of  spinal  and  cerebal  processes,  modified 
as  each  is  by  the  character  of  tlie  actions  initiated  by  the 
process. 

51.  This  premised,  let  us  begin  with  the  evidence  of 


V.   REFLEX  TIIEOBY. 


lUSCRrHINATION. 

I  Altlinii"!)  this  process  is  usually  regarded  as  purely  psyclio- 
.  it  must  obvioQsly  have  its  physi(>lo<;icAl  sido ;  we  find 
b  in  Sensation  as  in  Ideation,  and  may  expect  to  find  it 
ious  lis  in  conscious  processes — in  a  word,  in  all 
Bisorial  professes  whatever.  I'loce  a  bit  of  marble  on  your 
^e,  and  it  will  be  toadied,  but  not  tajited;  tho  sensations 
r  cotitact  and  tcmperatui'c  will  excite  reflexes,  but  little  or 
I  reflexes  from  parotid  and  salivary  glatids.  A  dilTercnce 
i  sfRifaLiun  lias  u  corresponding;  difTerence  in  reflex  action ; 
diich  may  lie  made  evident  by  reinovin<;  the  tasteless 
irblr,  and  replacinij  it  by  a  pinch  of  carbonttto  of  lime, 
.,  tho  marble  iu  another  state  reduced  to  n  ]Kiwdrr :  thia 
1  excite  a  sensation  of  taste,  and  a  secretion  from  the 
indA.  In  lioth  cases  your  sentient  organism  was  affected, 
t  it  reacted  difTerently  because  tlio  diUcrcnce  of  the  stimu- 
tion  waa  discnniiiinted:  conscioiialy  or  unconsciously,  you 
k  diflereutly.  A','ain :  touch  the  Iwiek  of  your  mouth  with 
nr  finger,  or  a  feather,  and  a  convulsive  contraction  of  the 
let  responds,  followed  by  vomiting,  if  the  excitation  be 
wed.  Yet  these  same  nerves  and  muscles  resjiond  by 
I  totally  op|HMitc  action  of  swallowing,  if  instead  of  the 
Binlatioa  otmiin;;  from  your  finger,  it  come  from  the  pres- 
B  of  food  or  drink, 
i  Analogous  eiperinientx  on  animaU  without  their  braina 
I  aimihir  results.*  The  salivary  secretion  and  the  ordi- 
r  reactions  of  Taste  ore  provoked  by  sapid  substAOcea 
1  more  condiisivo  arc  the  obscr\-ntioii8  ma<le  on  a  dog 
spinal  cord  ha.<i  been  dividcil,  and  who  thereforu 
iu^  to  the  reigniu<>  ideas  is  incapable  of  feeling  any 
tsion  made  on  parts  below  the  section.  A  pencil 
lerted  in  the  rectum  causes  a  reaction  of  tlie  muscles 
^tically  resisting  the  entraneu  of  this  foreign  body ;  yet 
I  rectum  so  sen-^itive  in  its  reaction  on  the  stimulus  of 
I  pencil,  renponds  hy  tlie  totally  different  reaction — thn 
relaxation  of  the  muscles — on  the  stimulus  of  fiscal  matters. 
'SmPivKII.  ii8> 
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52,  "  This  is  all  mechanical,"  you  say  ?  Mechanical,  no 
doubt,  as  all  actions  are ;  but  the  question  here  is  whether 
among  the  conditions  of  the  mechanical  action  Sensibility  has 
a  place?  The  answer  can  only  be  grounded  on  induction. 
The  actions  of  the  dog  are  analogous  to  the  actions  which  you 
know  were  sentient  in  yourself.  There  was  in  both  a  dis- 
crimination, in  both  a  corresponding  reaction.-  I  admit  that 
what  is  here  called  "  discrimination "  is  the  application  of  a 
logical  term  to  a  mechanical  process;  I  admit  that  if  the 
spinal  mechanism  is  insentient,  the  fact  of  discrimination 
may  still  be  manifested ;  but  I  conceive  that  the  many  and 
coercive  grounds  for  admitting  that  the  mechanism  is  sen- 
tient gain  further  support  in  the  evidence  of  discrimination. 
Every  particular  sensation  has  its  corresponding  reaction; 
and  although  this  has  been  acquired  during  ancestral  or  indi- 
vidual experiences,  so  that  in  the  majority  of  cases  there  is  no 
consciousness  accompanying  the  operation,  this,  as  we  have 
seen,  is  not  a  valid  argument  against  tlie  existence  of  a  sen- 
sorial process.  We  have  only  to  lower  the  Sensibility  of  the 
cord  by  ana3sthetics,  or  to  preoccupy  its  energies  by  some  other 
excitation,  and  the  reaction  fails. 

MEMORY. 

53.  "  But  discrimination,  if  not  a  purely  physical  process, 
implies  Memory  ? "  No  doubt.  And  what  is  Memory — on 
its  physiological  side — but  an  organised  tendency  to  react  on 
lines  previously  traversed  ?  As  Griesinger  truly  says :  "  There 
is  Memory  in  all  the  functions  of  the  central  organs,  includ- 
ing the  spinal  cord.  There  is  one  for  reflex  actions,  no  less 
than  for  sense-images,  words,  and  ideas."  Gratiolet  makes  a 
similar  assertion.*  Indeed  if,  as  we  have  seen,  reflex  actions 
are  partly  connate,  and  partly  acquired,  it  is  obvious  that 
the  second  class    must  involve   that  very  reproduction  of 

*  "  II  y  a  done  une  nidmoire  par  le  cerveau  et  une  m6iuoire  par 
rautomate.  Toua  lea  organes  orit  une  m6inoire  propre,  c'est  ^  dire 
une  tendance  d  reproduire  les  86rie3  d'actes  qu'ils  ont  plusieurs  fois 
executes."— Gkatiolet  :  Anat,  du  SysUme  jS'erveux,  1857,  p.  464, 
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Pw^i^BDccs,  wliicb   ill    tliu  spliuru  of    InLullcct  is  colled 
Memory. 

Th«r«  b  assuredly  sometUiog  paraJoxical  at  first  in  this 
■p|ilicaCioa  of  tie  tcmis  of  the  Logic  of  Signs,  yet  tlm 
psycliologist  will  finii  it  of  great  service.    Hut  if  the  terms 

I  discriminatiuu   luiil   lacmury  bu   objectuJ  to,  ihuy  nmy  bu 

LtepUced  by  soiiiu  siicli  pliniao  tis  llie  "a^Aptalioii  uf  tlie 
chani-tm   to  var>'iiig   imjnilses."      On  its   objective  sido, 

1 2)i»riiiiiiiati«n  ia  Xounil  Cirouping;  on  its  aubjectivs  side, 

I  it  is  Assuciatiuu  of  experiences. 


issTiscr. 

i  II  ve  can  detect  evideucos  of  Volition  and  Instinct  in 
inc«  of  the  brain,  our  ihesla  may  be  considered  loss 
'  -  qoratioiiable.     And  sucli  evidence  there  is.     Gultz  decapi- 
tated a  male  frog  (iu  the  psiiriug  season),  and  observed  Uiat  it 
not  only  •on^hl,  graspe>l,  and  eui-rgiitically  L<!inbraccd  a  fuinalu, 
bat  could  always  discriminate  a  feuiale  from  a  main.    TImt 
irhen  a  male  frog  closely  rosenibling  a  female  in  Aizo  and 
ibapc  was  prescutcd  to  this  decapitated  animal,  he  cliupcd  It, 
I  IhiL  rapitUy  I«t  il  go  ogaiu,  whoTvas  even  the  dead  body  of  a 
9  Vina  held  as  in  a  vice.      Oultz  tried  tu  dttiule  this 
■  animal  iu  various  ways,  always  in  vain.    Only  a 
BVould  be  held  in  his  tsmbrace.     Uoltz  then  presented 
I  in  a  reversed  position,  so  tliat  the  head  was  gnupvd 
r  tilt  male.      Now  htro,  had  lliere  been  simply  a  tvAax 
,  incapable  of  scntimit  dismmiuatiun,  tbu  clutcbod 
e  wtiuld  have  htcu  huld  in  tliJB  ]>08iti»n,  jiist  tike  any 
{''other  ol'jwl  whicli  uxcit<.Hl  the  rvQex ;  there  wonlJ  liave  been 
10  "aenac  of  iuoungruily,"  such  aa  Goltz  noticed  in  his  frog, who 
It  once  bc^ran  a  series  of  movt-monts  by  which  he  was  eiutblcd, 
Lnrilliout  lulling  Uiu  fL-iuolo  t-scapc,  to  bring  her  into  ihe  proper 
Milioo.     To  render  this  ob«urvatiou  still  more  significant, 
%  may  add  Uial  Oulu  did  not  find  all  male  fro^jit  act  tlina — 
f  nliDi|[ii^hi-d  the  female  tliua  improperly  presenteil  to 
'  8ach  phenomena  observiHl  in  frogs  possessing  brains, 
I  Bcceptcid  u  BvidcQcs  of  scxmd  insiiuct  ami  ruliUvn, 
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Further :  Goltz  removed  the  brain  from  a  frog,  which  he 
then  held  under  water,  gently  pressing  the  body  so  as  to 
drive  the  air  out  of  its  lungs ;  the  body  being  then  heavier 
tlian  the  water  sank  to  the  bottom,  where  it  remained 
motionless.  He  repeated  this  procedure  with  another  frog, 
not  brainless  but  blinded.  This  one  sank  also,  but  in  a  few 
minutes  rose  to  the  surface  to  breathe.  This  difference  natu- 
rally suggests  that  the  brainless  frog  was  insensible  of  the 
condition  which  in  the  other  caused  a  movement  of  reliet 
The  one  felt  impending  suffocation,  the  other  felt  nothing. 
Such  was  the  interpretation  of  a  German  friend  in  whose 
presence  I  repeated  the  experiment.  But  I  had  been  in- 
structed by  Goltz,  and  bade  my  friend  wait  awhile.  He  did 
so,  and  saw  the  brainless  frog  slowly  rise  to  the  surface  and 
breathe  there  like  his  blinded  companion.  So  that  the  only 
difference  observable  was  in  the  lessened  sensibility  of  the 
brainless  frog. 

55.  But  Goltz  records  a  still  more  conclusive  case.  In  a 
large  vessel  of  water  he  inverted  a  glass  jar  also  containing 
water,  which  could  then  only  be  retained  in  the  jar  by  atmos- 
pheric pressure.  Through  the  neck  of  this  inverted  jar  he 
thrust  a  blinded  frog,  not  having  pressed  the  air  out  of  its 
lungs.  It  rose  at  once  in  the  jar,  touching  the  inverted 
bottom  with  its  nose,  and  when  the  necessity  of  fresh  air  was 
felt,  the  frog  began  restlessly  feeling  about  the  surface  of  its 
prison  till  an  issue  was  found  in  the  neck  of  the  jar,  through 
which  it  dashed  into  the  vessel,  and  at  once  rose  to  the  sur- 
face of  the  water  to  breathe.  In  this  observation  are  plainly 
manifested  the  stimulation  of  uneasy  sensation,  the  volition 
of  seeking  relief,  and  the  discrimination  of  it  when  found.  If 
this  frog  was  a  sentient  mechanism,  what  shall  we  say  to  the 
fact  that  a  brainless  frog  was  observed  to  go  through  precisely 
the  same  series  of  actions  ?  Goltz  pertinently  remarks :  "  So 
long  as  physiologists  satisfied  themselves  that  the  brain  was 
the  sole  organ  of  sensation,  it  was  easy  to  declare  all  the 
actions  of  the  brainless  animal  to  be  merely  reflex.  But  now 
we  must  ask,  whether  the  greater  part  of  these  actions  are 
not  due  to  the  power  of  adaptation  in  the  central  organs,  and 
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B  thetL-roi-e  to  be  struclc  out  of  tlie  clans  of  simple  reflexes  ? 
If  1  l»inil  OHC  leg  of  u  bmiiilftss  fro^  ami  obscn-e  tbat  Iiu  not 
only  8w«  Ml  obstnclf,  but  crawla  aside  from  it,  I  must  regard 
I  tiiCM  in")V4*meut9  ns  rvgulutvd  by  his  cputral  power  of  adap- 
tation;  but  now  suppose  1  unbind  the  leg  and  remove  th« 
obstacle,  then  if  1  prick  the  fn^^  he  hops  forward.  Must  t 
now  declare  this  hop  to  have  Seen  a  eimple  reflex  ?  Not  at 
alL  In  both  cases  tbo  physiological  processes  hare  been 
mmilar." 

56.  Tlipre  are  no    dwihl  roadew  who  will   dismiss  idl 

vvidcnce  drawn  i'mni  cxporimetits  on  frdgs,  as  invlcv&nt  to 

Qimals  !ind  man.     l^t  us  therefore  sec  how  the  evidence 

,  Hands  with  respect  to  animaln  higher  in  the  bphIp,  endowed 

with  li!8s  i)Uestionablo  mental  faculties.     In  a  former  chapter 

(pBOBl.EM  II.  S  29)  wc  recorded  tht'  marked  results  of  removing 

iho  cerebral  hemwpheres ;   and  at  the  same  time  suggoited 

tiiat  these  by  no  means  justified   the   conclusion   usually 

'  drown  n-spectin^  tho  hemispheres  as  the  exclusive  mat  of 

^  MASation.     And  this  on  two  j^nmnds:  First,  beeause  the 

I  of  some  sensitive  phcQumtoa  does  not  prevent  the 

D  of  others :  the  mutilated  organism  is  still  capable  of 

T  Sensibility  in  those  organs  wlikh  remain  intacL 

mdly,  because  were  the  mutilation  followed  by  totAl 

L  destmctiun  of  Sensibility,  this  would  not  prove  Sensibility  is 

tbe  normal  organism  to  have  its  »cat  in  thi;  part  injured.     IT 

e  removal  of  a  pin  will  ilesiroy  the  fhronoraetric  action  of 

\  m  watch,  wo  du  not  thence  infer  that  the  chronometric  action 

I  the  function  uf  this  pin.     And  this  objoctiuu  luw  Uwt 

peatCT  tixna  when  we  rememlKir  that  one  hemispbore  voKf 

be  removed  without  the  coiiKeqnent  loss  of  a  single  ftanetion, 

and  botJt  may  be  removed  witliout  the  Iom  of  several  fouo 

tions  osually  ascribed  to  oi-jvbral  iufluenoo.* 


*  To  obvintK  nii>iini)'ntnii<tiii',I  l«t  tnn  My  that,  ndWi  the  oonlnirT 

it  vpeciDcd,  I  nM  tliv  lenu  Brjin  thniuglimit  ihb  sr^mi-nt  •■  npUvB- 

I   bat  ba  tbe  mrcbnil  liriiiu]ibera,  lN!fauM  it  b  in  Ui«m  iIiki  Krualbn, 

'  vnhlion,  'till  eoTucioanm  an  liMalianl  tiy  t]i«  j^nptvlllf  of  writen, 

|-Man7  uf  wUom,  iadivil,  hftLini  iha  mIU  ut  Ui*  grvjr  nioltcr  of  ih«  ea>- 
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57.  Consider  the  analogous  effects  of  injuries  to  or  removal 
of  the  Cerebellum,  in  causing  disturbance  of  locomotion, 
whence  the  conclusion  has  been  drawn  that  the  Cerebellum  is 
the  exclusive  organ  of  muscular  co-ordination,  in  spite  of  the 
unquestionable  evidence  that  very  many  muscular  co-ordina- 
tions  still  persist  after  this  organ  is  removed.  What  is  the  part 
played  by  the  Cerebellum  I  do  not  pause  here  to  examine.*  I 
only  say  that  the  movements  of  swimming,  sucking,  swalloM'- 
ing,  breathing,  crying,  micturition,  defecation,  &c.,  are  co-ordi- 
nated as  well  after  removal  of  the  Cerebellum  as  they  were 
before,  and  that  consequently  their  co-ordination  has  not  its 
seat  in  the  Cerebellum.  The  parallelism  is  obvious.  Ee- 
moval  of  the  Cerebrum  causes  a  disturbance  in  the  combi- 
nation of  sensations,  and  the  execution  of  certain  sense-guided 
actions,  but  causes  little  appreciable  disturbance  in  others. 
Eemoval  of  the  Cerebellum  causes  a  disturbance  in  the  com- 
bination of  certain  muscular  sensations,  and  the  execution  of 
certain  co-ordinated  actions,  with  little  appreciable  distui^b- 
ance  in  others. 

58.  So  little  have  the  facts  been  surveyed  and  estimated 
in  their  entirety  that  there  is  perhaps  no  subject  on  which 
physiologists  are  more  agreed  than  on  the  function  of  the 
Cerebellum  being  that  of  co-ordination.  Yet  consider  this 
decisive  experiment.  I  etherised  three  healthy  frogs ;  from 
one  I  removed  the  entire  cranial  centres ;  from  another  I 
removed  only  the  cerebellum  ;  and,  leaving  the  third  in  pos- 
session of  an  intact  encephalon,  I  made  two  sections  of  the 
posterior  columns  of  the  spinal  cord.     The  two  first  hopped, 

volutions  as  the  exclusive  seat  of  these  phenomena,  dividing  these  cells 
into  sensational,  emotional,  and  intellectual.  There  are  ph3^siologists 
who  extend  sensation  to  the  cerebral  ganglia  and  grey  masses  of  the 
medulla  oblongata ;  but  the  medulla  spinalis  is  so  clearly  continuous 
with  the  medulla  oblongata  that  there  is  a  glaring  inconsistency  in  ex- 
cluding sensation  from  the  one  if  it  is  accorded  to  the  other ;  and  the 
grounds  on  which  sensitive  phenomena  are  admitted  in  the  absence  of 
the  hemispheres,  force  us  to  admit  analogous  phenomena  in  the  absence 
of  the  ganglia  and  medulla  oblongata  :  in  each  case  the  phenomena 
iire  less  complex  and  varied  as  the  mechanisms  become  less  complex. 

*  Compare  Lussana  e  Lemoigne  :  Fisiologia  dei  ccntri  encffaUOf 
1871,  ii.  239,  240,  330. 
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L,  nacd  Uieir  legs  in  dcfenot.',  and  exliil)iu>(]  n  variety  or 
iDuwMilnr  co-ordinatiouH,  although  in  both  tint  supposeil  orgitn 
or  co-oniination  was  absent.  Whereas  the  third,  which  had 
tbia  or^pui  intact,  and  was  capable  of  movin;;  each  limb  sejia- 
nh'ly,  and  each  pair  of  litulia  8cparal«-ly,  wna  utterly  incapable 
of  moving  all  four  sinmltanooiisly.  Why  wa»  l]li^f '  Obvi- 
'  on»1y  bccBiiEe  in  the  first  two  frogs  the  niotur  nifcbimisni 
I  Rinained  intact,  and  only  the  eerebral  and  cerebellar  influ- 
ence was  removed ;  in  the  tliird  frog  the  senaoi-j-  part  of  the 
nintur  mccbaniBm  hod  been  divided,  and  no  combinntiou  of 
UtK  timba  was  poasible. 

69.  Physiological  iudticlion  agrees  witli  niiat'tniictd  induc- 
tion in  assi^'niug  to  the  cerebrum  and  cemlidlum  tlie  office  of 
iueitation  and  rfgvlaiioR  rather  than  of  inntrration ;  for,  aa 
we  have  ween,  no  nerve  iasues  directly  from  them  {I'ttOblJUl 
[I.  )  7).     Confif<)uenlly  the  elfecta  of  injuries  to  these  ceo^f 
trrs  aru  lo«t9c«  of  spontaneity  and  uf  c^oRtpl«xily  in  tho  moni- 
'  rMtationa.     InnAmuch  oa  in  the  intact  organism  all  eenaorf 
impreesioiia  are  propagaU'd  throughout  the  nervous  centres, 
tlie  reactions  of  tbesn  highest  conlres  will  vntvr  into  the  com- 
plex of  cvety  adjusted  movement;  bo  the  aboliliun  of  theso 
ccntn«  will  bo  the  dropping  of  a  link  in  the  chain,  the  aboli- 
tii'it  of  a  special  element  in  the  complex  group.     The  organs 
wliich  are  still  intact  will  react,  each  in  its  own  way,  on 
being  stimnlst4Ml ;  but  the  reaction  will  bo  without  the  modi- 
tyia^  influence  nf  the  absent  centnM.      For  instance,  thii 
I  nunalstimuhitiim  from  a  luminous  impresaion  normally  calls 
j  up  a  chister  of  a.<)sociated  feiillugti  derived  originally  from 
I  other  senses,  and  a  [lerception  of  the  object  is  associated  with 
emotions  of  desire,  terror.  Sic.,  according  to  the  post  history  of 
the  organism,  and  iU)  organised  reactions,  due  to  hvre^litary  or 
•cqairod  ozpcriciic^s.     It  is  tlicso  which  form  tlie  complex 
\  feding  dischargmt  in  the  particular  movement  of  prebeosioD, 
L  or  flight.     Ifeniove  the  brain,  and  tliere  can  be  no  longer  (Aw 
I  duster  of  associated  neural  groups  excited ;  therv  will  ba 
,   therefore  no  emotion,  simply  the  visas]  sensation,  and  sueb 
a  movement  as  is  dtrectJy  associated  with  it.     The  brainleM 
[  miians  when  hurt,  it  iloea  not  bark  at  the  cat  wliich  it 
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nevertheless  sees,  and  avoids  as  a  mere  obstacle  in  its  path ; 
the  cat  will  crj,  it  will  not  mew.  The  present  pain  moves 
the  vocal  organs,  but  does  not  revive  associated  experiences. 
All  those  combinations  by  which  a  series  of  dependent  actions 
result  from  a  single  stimulation  are  frustrated  wlicn  the  me- 
chanism  is  disturbed,  so  that  the  mutilated  animal  can  no 
longer  recognise  its  prey  or  its  enemy,  to  feed  on  the  one  and 
fly  from  the  other ;  no  longer  builds  its  habitation,  or  rears 
its  oflispring.  It  can  still  live,  feed,  sleep,  move,  and  defend 
itself  against  present  discomfort ;  it  cannot  find  its  food,  or 
protect  itself  against  prospective  discomfort.  We  must  sup- 
ply tiie  place  of  its  Intelligence.  We  must  give  it  the  fooii, 
and  protect  it  from  injuries. 

There  is  therefore  ample  evidence  to  show  that  what  is 
specially  knoxm  as  Intelligence  is  very  imperfect  after  tlie 
cerebral  influence  has  been  abolished ;  but  this  does  not  prove 
the  Cerebrum  to  be  tiie  exclusive  seat  of  Intelligence,  it  only 
proves  it  to  be  an  indispensable  factor  in  a  complex  of  factors. 
Still  less  does  it  prove  the  Cerebrum  to  be  the  exclusive  seat 
of  Sensation,  Instinct,  Volition ;  for  these  may  be  manifested 
after  its  removal,  although  of  course  even  these  will  be 
impaired  by  the  loss  of  one  factor. 

60.  And  here  an  objection  must  be  anticipated.  In  spite 
of  the  familiar  experience  that  one  mode  of  Sensibility  may 
be  destroyed  witliout  involving  the  destruction  of  other 
modes,  there  »  a  general  belief — derived  from  a  mistaken 
conception  of  what  is  really  represented  by  the  unity  of  Con- 
sciousness— that  Consciousness  disappears  alt(^etlier  when  it 
disappears  at  all ;  and  hence,  since  Sensation  is  supposed  to 
imply  Consciousness,  it  also  cannot  be  divisible,  but  must 
vanish  altogether  if  it  vanish  at  alL  The  first  answer  is  that 
Sensation  as  an  abstraction  is  neither  divisible  nor  indivisible; 
but  as  a  generalised  expression  of  concrete  sensorial  processes 
it  is  reducible  to  these  processes,  and  divisible  as  they  are.  No 
one  doubts  that  we  may  lose  a  whole  class  of  special  sensa- 
tions— sight,  hearing,  pain,  temperature,  &c. — ^yet  retain  all 
the  others.  No  one  doubts  that  we  may  lose  a  whole  class 
of  registered  experiences — forget  a  language^  or  lose  memory 


I 


I 


THE   BBfLEX  TIIBOKV.  469 

M  rainiliiir  as  the  strrels  of  the  niiaU  Iftwn  wr  ii»- 
Iwliit,  or  oi  Citces  so  fmuiHar  :is  those  of  fiiendfi  niHl  rel&tivM, 
whOe  llie  iianiea  of  these  strreta  nod  frieuda  an  still  resieta- 
tiered  wh«a  Uiu  tiouuda  ttn  hranl.  Yet  seiisalJun  luid  iat«Ui- 
pjitcu  ore  nut  wholly  lost.  The  mind  is  still  enict  ainitl  lhi»e 
raiiis.' 

61.  ThU  premised,  Irl  its  curi^)<ler  the  expcnmentnl  evi- 
tlcnce.  Klotirens  declarca  thatwhiyi  he  rcmoviil  iho  whole 
of  the  (.'cTObrum  from  pigeons  and  iov/\\  thuy  lc«t  all  teiazr 
tiuti,  »ll  perception,  all  instinct,  and  rtii  volition.  Thiiy  lived 
pcrfiwily  well  for  months  lifter  tlio  operation,  if  the  food  wrere 
phiced  in  llieir  moiillis;  but  they  never  sovi/lit  their  food; 
they  never  look  it,  oven  when  tlieir  twaba  were  plunged  into 
it:  they  could  Bwallon,  aiid  digest  the  fn^ina;  but  they  hni! 
no  iostintt  to  make  them  seek,  no  volition  to  nmke  them 
piek  up  the  j^ina.  They  saw  nothinj;.  altliougli  the  iris 
ntnaiiicil  irrilebh: ;  they  heard  nothing; ;  ihvy  could  not  itinelL 
A  state  of  ntupor  nunc  on,  resembling  that  of  deep  sleep.  AU 
voluntary  ocliou  ceased.  If  they  were  thrown  into  the  air, 
tbey  flew ;  if  irritaled,  they  tuoved  awuy ;  but  if  left  to  them- 
adrei,  they  rauiuinud  niotionles*,  with  tlie  head  tindt.'r  tli» 
wing,  u  in  sleep.  Xuw,  innsnmuh  as  thva*i  elleels  alwajra 
«uau  when  tlio  Cerebrum  is  rentoTe<l.  and  nectr  when  only 
tlta  Cerebellum  ia  removed,  he  ronoIn<li.-s  that  all  mslincta, 
volitions,  and  sensatioiis  "  belon*  cidusively  to  the  oerehral 
lobea." 

Bat  all  ex |>urime titers  do  not  agree  in  other  {loints  namad 
tiy  Fluurens;  nor  in  tlie  conclusions  he  tuw  drawiL  On  th* 
contniy,  it  is  nay  certain,  and  we  find  evidence  svon  is 
>'loui«nB  hiiosclf,  tliat  oil  in.«lincts  and  all  sensations  ore  mit 
destraycil  by  the  removal  of  the  cerebral  lobes. 

63.  Let  us  bear  Ikmilland  ou  tliis  subject.f  He  repeat*^ 
tbe  experiment  uf  Kuorens,  removing;  the  whole  of  Uio  Ore- 

*  Sm  a  very  inieruting  euo  of  tbi*  Rfreiiil  1<«  of  mpni'Tr  hi  a 
piotwbu  Btill  occupied  hmiMlf  rcailuic  elw«ic  autlien  and  pcrfimi- 
t>«  Ills  offici&t  dutJM  RiMjr  months  aflar  an  iijuty  ts  Uu  bnia. 
LcMAKA  ■  LuioicMs  :  f'uiolegia  iH  tatri  nc(faHei,  L  sol. 

t  BoOtLUUo:  J^oAni^Kt  £if*MuatatM«iir  iM/'fMtwiutfH  (\r*MM 
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brum  from  the  Brain  of  a  fowl ;  and  he  thus  records  his  ob- 
servations :  "  This  fowl  passes  the  greater  part  of  her  time 
asleep,  but  she  awakes  at  intervals,  and  spantaruously.  When 
she  goes  to  sleep,  she  turns  her  head  on  one  side  and  bnries 
it  in  the  feathers  of  the  wing ;  when  she  awakes,  she  shakes 
herself,  flaps  her  wings,  and  opeas  her  eyes.  In  this  respect 
there  is  no  difference  observable  between  the  mutilated  and 
the  perfect  bird.  She  does  not  seem  to  be  moved  at  aU  by 
the  noise  made  round  about  her,  but  a  very  slight  irritation 
of  the  skin  suffices  to  awaken  her  instantaneously.  When 
the  irritation  ceases,  she  relapses  into  sleep.  When  awake, 
she  is  often  seen  to  cast  stupid  glances  here  and  there,  to 
change  her  place,  and  walk  spontaneoudy.  If  put  into  a  cage, 
she  tries  to  escape  ;  but  she  comes  and  goes  without  any  pur- 
pose, or  rational  design.  When  either  foot,  wing,  or  head  is 
pinched,  she  withdraws  it;  when  she  is  laid  hold  of,  she 
struggles  to  escape,  and  screams ;  but  no  sooner  is  she  liberated 
than  she  rests  motionless.  If  severely  irritated,  she  screams 
loudly ;  but  it  is  not  only  to  express  pain  that  she  uses  her 
voice,  for  it  is  by  no  means  rare  to  hear  her  cax:kle  and  cluck  a 
little  spontaneovMy  ;  that  is  to  say,  when  no  external  irritation 
affects  her.  Her  stupidity  is  profound;  she  knows  neither 
objects  nor  places,  nor  persons,  and  is  completely  divested  of 
memory  in  this  respect :  not  only  does  she  not  know  how  to 
seek  or  take  food,  she  does  not  even  know  how  to  swallow  it 
wlien  placed  in  her  beak — it  must  be  pushed  to  the  throat. 
Nevertheless  her  indocility,  her  movements,  her  agitation, 
attest  that  she  feels  the  presence  of  a  strange  body.  Inas- 
much as  external  objects  excite  in  her  no  idea,  no  desire,  she 
pays  no  attention  to  them ;  but  she  is  not  absolutely  deprived 
of  the  power  of  attention,  for  if  much  irritated  her  attention 
is  awakened.  She  knows  not  how  to  escape  an  enemy,  nor 
how  to  defend  herself.  All  her  actions,  in  a  word,  are  blind, 
without  reflexion,  without  knowledge." 

In  this  recital,  the  evidence  both  of  sensation  and  instinct 
is  incontestable,  to  any  unprejudiced  mind.  Bouillaud,  in 
commenting  on  his  observations,  remarks,  that  assuredly  ail 
sensation  was  not  destroyed,  since  the  sensibilities  of  touch 
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•rlI  pain  were  very  manircst.  Nor  is  it  ccrt&in,  he  saya,  thnt 
lln:  (ovr\  heard  noUiing,  tsav  iioUiin^.  It  ia  inip  that  ahe 
Ktiiuhletl  ngniiut  objects,  and  knew  uot  how  (u  a>-otd  them 
She  openml  her  eyes  on  awaking,  looke<)  sbom,  and  ahowi^ 
■  BPDaibility  in  the  pupil  to  light;  which,  he  tliinks,  b  incom- 
patible with  the  ahscnce  of  all  sensation  ot  sight. 

63.  The  pxperinietits  of  Ijingvt*  seem  decisive  on  thiit 
htler  point.  Having  n-nu'vcd  tho  whole  of  the  Cepehnini 
fii)in  a  pigfiHi,  he  ohacrveil  that  whenever  he  appnjachcd  a 
lii;hl  hni^iuely  to  its  eyes,  there  was  conlraciiou  of  tho  papil, 
and  ewn  winking;  but,  what  was  sUll  more  remarkable, 
••  when  I  gave  a  rotatory  motion  to  the  candle,  and  at  auoh  n 
distance  that  there  could  be  no  sensation  of  heat,  the  pigeon 
made  a  similar  movoment  with  it-s  head.  Thi.-<;e  observations, 
renewed  several  times  in  the  pn^senire  of  persons  who  were 
Bt  roy  hvtures,  left  no  doubt  of  the  pcrai.'^ii'nce  of  sensibility 
to  light  alter  removal  of  the  cerebral  lobes."  We  have  only 
to  think  of  the  baby  following  with  iu  eyes  the  light  moved 
before  it,  to  nnderstand  the  kind  of  impression  produced 
by  the  candle  on  Uic  |>igeon.  I^^mget  also  di'chiros  that  his 
ex{ierimenU  prove  tin*  existence  of  sensaliuns  of  sound,  after 
Tvtuuvol  of  tlie  whole  rercbruUL 

64.  Dr.   Dalton,  giving  the  resulls  of  nnmemus  experi^l 
Its  he  performed,  says  that  removal   of  the  Uerehranl 

tlie  animal  in  "a  profound  stupor,  in  whicli  he  ia 
fOBtirely  inattentive  to  surrounding  objecta.  .  .  Occa- 
ly  the  bird  openi  it«  eyes  with  a  vacant  stare,  stretches 
lita  neck,  porhnps  ■hake.'*  his  bill  once  or  twice,  or  Bmoothea 
down  thn  fcHlhcr«  upon  hia  Hhouldets.  and  then  rt-lnpses 
into  his  former  apathetic  condition.  Tliis  xtate  of  ImrocK 
Irility,  however,  is  not  accompanied  by  the  loss  of  sight, 
of  huflring,  or  of  ordinary  Bcnsibility.  AU  that  functions 
remain,  as  vxll  as  that  of  voluntary  mction.  If  a  pistol  b« 
disctuiTged  behind  the  luM'k  of  the  anitnal,  he  at  once  ope 
his  eyes,  moves  his  Iicoil  half  round,  and  gives  evident  iigittl 
of  having  h^ard  the  report;  but  he  immediately  beconiM  ' 
^iii«t  i^un,  and  |iays  no  further  attention  to  it.  Sight  i 
*  Lu»aia  :  Traits  is  Phyriattgi*,  it.  up. 
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also  retained,  since  the  bird  will  sometimes  fix  its  eye  on 
a  particular  object,  and  watch  it  for  several  seconds  to- 
gether." * 

While,  therefore,  Flourens  concludes  from  his  experiments 
that  the  Cerebrum  is  the  seat  of  aUl  sensation  and  all  volition; 
and  Bouillaud  concludes  tliat  it  is  most  probably  the  seat  of 
n<me ;  Dr.  Dalton  concludes  Uiat  the  functions  of  the  Cere- 
brum are  restricted  to  those  usually  classed  as  intellectual. 
"  The  animal/'  he  says,  "  is  still  capable,  after  removal  of  tlie 
hemispheres,  of  receiving  sensations  from  external  objects. 
Bat  tliese  sensations  appear  to  make  upon  him  no  lasting 
impression.  He  is  incapable  of  connecting  with  his  percep- 
tions any  distinct  succession  of  ideas.  He  hears,  for  example, 
the  report  of  a  pistol,  but  he  is  not  alarmed  by  it ;  for  tlie 
sound,  although  distinctly  perceived,  ddes  not  suggest  any 
idea  of  danger  or  injury.  The  memory  is  altogether  destroyed, 
and  the  recollection  of  sensatious  is  not  retained  from  one 
moment  to  another.  The  limbs  and  muscles  ^e  still  under 
the  control  of  the  will ;  but  the  will  itself  is  inactive,  be- 
cause apparently  it  lacks  its  usual  mental  stimulus  and 
dii'ection."  t 

Dr.  Dalton  reminds  us  how  disturbance  of  the  cerebral 
functions  in  human  beings  recalls  these  observations  on 
animals.  "  In  cases  of  impending  apoplexy,  or  of  softening 
of  the  cerebral  substance,  among  the  earliest  and  most  com- 
mon phenomena  is  a  loss  or  impairment  of  the  memory. 
Tlie  patient  forgets  the  names  of  particular  objects,  or  par- 
ticular persons ;  or  he  is  unable  to  calculate  numbers  with 
his  usual  facility.  His  mental  derangement  is  often  shown 
in  the  undue  estimate  which  he  forms  of  passing  eveuta  He 
is  no  longer  able  to  appreciate  the  true  relation  between 
different  objects  and  dillerent  phenomena.  Thus  he  will  show 
an  exaggerated  degree  of  solicitude  about  a  trivial  occurrence, 
and  will  pay  no  attention  to  other  matters  of  importance. 
As  the  difficulty  increases,  he  becomes  careless  of  the  direc- 
tions and  advice  of  his  attendants,  and  must  be  watched  and 

*  Dalton  :  Human  Plufsiologjf^  Philadelphia,  1859,  p.  362. 
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iged  Uln  &  eliild  or  an  imbeciltt.     After  a  or-rlain  period 
6  BO  longer  appreciates  ibc  Upse  of  time,  and  even  loses  the 
Filistmclion  lietween  day  and  nighL    Finally,  when  tUe  injur; 
to  Uie  heniiBpliercB  is  com|>Iete,  the  senses  may  still  remain 
noiivc  nod  iinprussibit?,  while  the  patient  is  completely  do- 
privcd  of  intelliguncc  ami  judRiiicnt," ' 
^B      66.  Ha^'in^  seen  how  fiu  utlier  vxperinioutcrs  are  from 
^HflBofinning  the  conclusions  of  Fluurens,  let  ns  glance  at  his 
^^IWconl  of  oliservationa,  and  we  nhall  find  there  evidence  that 
ail  aenaation  and  all  vulitiuu  i-nnnot  be  lomlised  in  the  Cere- 
brum.    SiH^kin"  of  n  fowl  whose  Cerebrum  was  TPmoved 
Om  day  before,  ho  says :  "  She  sliakes  her  head  and  festheis. 

tWnnetimeB  eren  ahn  rjtions  and  Kharpena  thoiu  with  her  beak; 
aametimes  she  changes  the  lt>^  on  which  she  sleeps,  for,  like 
other  birds,  she  sleeps  habitiudly  n'Sting  iipi  n  one  lep.  la 
all  tliusu  caj-vs  she  te^ins  like  a  innn  asleep,  wlio,  without 
^ite  waking,  changes  his  plai-e,  and  n^poses  in  anothto-,  from 
the  fatir/iu  occasioned  by  the  previous  poBtur« :  hi;  eelecta 
one  more  com/ortab!e.  stretches  himself,  yawl]<^  <diakes  liini- 
self  a  little,  and  falls  aaleep  asain.  .  .  .  On  the  thiiit  day  the 
iinvl  ii  no  lon^r  so  calm ;  slie  comes  and  ff>Qs,  but  without 
motive  and  without  an  iiini ;  and  if  xhe  encotiutets  nu  obstacle 
on  her  patli,  .ihtt  knows  n«t  how  Lo  avoid  iL"t  In  his  second 
work  he  remarks  of  a  Duck  operated  on  in  the  same  way : 
"  Aa  I  monliuned  last  }n<nr  d  prt^xM  of  fowls,  the  duck  walks 
■boub  oftuncr.  and  for  a  lon^^er  lime  toj^ther.  when  it  is  fast- 
ing, tbaii  when  it  is  fed." 

Here  he  oliwrves  the  unmistakable  evidenc  of  feelings  of 
Hunf{er,  Katixue,  and  Discomfort  in  animals  whidi,  according 
(a  him,  have  lost  all  sensation.  He  also  obaerres  the  opeiu- 
I  tfam  of  itigtJDct  (cleaning  the  feathers),  and  ot  spontaneous 
?  ictivity  (walking  a)>unt),  in  animals  said  to  have  lost  all 
Bstinct  and  all  volition. 
66.  Still  more  decistse  arn  the  olwervationi  recorded  by 
lather  experimenters.  Leyden  removed  the  hrmisphera  aii^ 
c  ganglia  at  their  base  froin  a  hen ;  yet  this  lien  moved  about 
*  D*LTay,  p.  163.  t  Fuwanxa,  p.  S9. 
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and  clucked.  Meissner  noticed  that  a  pigeon  whose  hemi- 
spheres had  been  removed  always  uttered  its  coo,  and  showed 
restlessness  at  the  usual  feeding-time  *  Voit  carefully  extir- 
pated the  cerebrum  from  some  pigeons,  and  kept  them  fur 
many  months  in  health.  For  the  first  few  weeks  they  exlii- 
bited  the  well-known  stupor.  Then  they  began  to  shake  this 
off,  open  their  eyes,  walk,  and  fly  about  spontaneously.  They 
gave  unmistakable  signs  of  seeing  and  hearing.  But  the  chief 
defect  was  in  the  inability  to  feed  themselves,  and  the  com- 
plete insensibility  to  danger.  They  also  manifested  signs  of 
sexual  feeling  with  lively  cooings ;  though  quite  unable  to 
gratify  their  desires.t  Vulpian  having  removed  the  cerebrum, 
optic  thalami,  and  corpora  striata  from  a  young  rabbit,  found 
that  on  pinching  its  tail  it  cried  out  and  stniggled  to  escape ; 
and  a  rat  thus  mutilated  not  only  struggled  and  cried  wlien 
pinched,  but  manifested  strong  emotion.  "  II  est  trfes  craintif, 
trfis  impressionable ;  il  bondit  pour  peu  qu*on  le  touche ;  le 
moindre  bruit  le  fait  tressaillir.  Un  certain  bruit  d'appel  fait 
avec  les  l&vres,ou  un  souflBet  brusque  imitantceluiqu'emettent 
les  chats  en  colore  excitent  chez  le  rat  une  vive  emotion."  J 

67.  There  are  several  well-authenticated  cases  on  reconl 
of  children  born  without  a  vestige  of  brain,  and  others  with 
only  a  vestige,  who  nevertheless  manifested  the  ordinary 
signs  of  sensation.  I  will  cite  but  one,  and  it  shall  be  one 
for  which  an  illustrious  physiologist,  Panizza,  is  the  guarantee. 
A  male  infant,  one  of  twins,  who  lived  but  eighteen  hours, 
during  that  period  manifested  such  unquestionable  signs  of 
Sensibility  as  the  following:  the  pupils  conti-acted  under 
light,  sharp  sounds  caused  flutterings,  and  a  bitter  solution 
when  placed  in  the  mouth  was  instantly  rejected.  This  infant 
had  not  a  vestige  of  cerebrum,  cerebellum,  or  cerebral  ganglia. 
The  medulla  oblongata  was  normal.     There  were  no  olfactory 

♦  Lkyden  in  the  Berliner  klinische  Wochensckrift,  1867,  No.  7.  Mkiss- 
WBR :  JaJiresbericht  iiber  Physiol.,  1867,  p.  410. 

t  VoiT  in  the  Sitzungsherichte  der  I/iinchetier  Academies  1868,  p.  105. 
Comp.  also  GoLTZ  in  Pfliiger's  Archiv,  Bd.  xiv.  435. 

J  Vulpian  :  Systime  Nerveux,  542-48. 
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^«Si««,  uul  tbfl  tiptie  »err«fl  temtinatcil  in  a  UtUe  tnAia  ot 

68.  Tli4>  observations  of  Lussana  and  Lemoigne  are  both  ex- 
tCDsive  and  precise,  and  the  conclastoD  at  whicli  they  arrivs 
is  thst  the  removal  of  the  Ccrehnun  is  the  abolition  of  IntvJli- 
fptaeo  and  Instinct,  but  is  not  the  alKililion  »f  Sensation. 
VThenas  Rolaodo.  and  afU^r  him  JEemi,  conoidor  that  only  the 
Intelligcooe  is  abolished,  the  supposed  loss  uf  Instinct  being 
really  nothing  mora  than  the  loss  of  the  directive  indoence 
which  makes  the  Instinct  to  be  executed. 

69.  Hcrv  it  bucomM  needful  to  understand 

THX  mkchaxish  op  i!«sriMcr. 
Were  we  dealing  with  an  ordinary  inrchaDiNn,  and  the 
dtstorbances  produced  in  its  actiona  by  the  removal  of  any 
jiort,  we  fihoulrl  attribute  all  observed  eCTects  to  ijitrr/ertnet 
vfUh  the  amdition*  ofdtpeMdeiU  tcqutnct, :  we  should  infer  that 
Um!  actions  were  imperfectly  performed,  or  wholly  abolished, 
lieimuw  their  reqittsile  meclmniciU  conditions  were  disturbod. 
Let  as  bo  efjually  precise  in  dealinj;  with  the  phj'siologictl 
luechaniam.  Ifwchavedepriveditof anorganinwhichcertain 
Oxmbinations  are  effected,  we  must  expect  to  find  all  actions 

[  which  were  dt-]iendent  on  such  combinations  to  bf>  now  im- 

I  poasible ;  but  all  the  actions  which  are  not  directly  depen- 
dent on  these  (^ombinations  may  still  be  possiblt-.    The  actiona 

I  of  femlinft,  for  example,  are  determined  by  certain  aensationa, 
when  these  nrv  present  in  a  particular  w-qtienoo,  but  not 
otherwise ;  the  sensation  of  sij:ht  doe^  not  suffice,  because 

'  th»  animal  must  not  only  »ee  the  food,  he  must  perteivt.  iu 
The  action  of  defenco  and  flight  are  also  dctennined  by 
oertaia  sensations,  but  only  when  th*sc  ore  connected  in  a 
certain  sequence :  the  brainless  animal  will  defi-nd  itself,  or 
movH  oat  of  the  Way,  nndcr  the  stimulus  of  unpleasant 
Bcnsotiftn ;  bnt  will  not  be  moved  by  a  jnvspectm  injury,  be* 
mnae  he  fails  to  asaociate  it  with  the  sight  of  the  threateninf; 

.  object.     In  the  eame  way  a  blind  man  shrinks  at  the  actual 
*  Fur  olbar  vuuiplM  ■••  Oivnuo :  Patkehfk  ImUrat,  iS68.  tt. 

ti»-S7. 
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GontadL  of  the  heated  poker,  but  does  not  shrink  at  tlie  approaeh 
of  that  poker  which  he  does  not  see.  We  do  not  deny  bim 
the  possession  of  the  schcalled  instinct  of  Self-preservation 
on  this  ground ;  why  deny  it  to  the  brainless  animal  ?  The 
brainless  iish  or  fro<^  swims  when  placed  in  the  water^  because 
the  sensation  from  the  moving  water  *  sets  going  the  swim- 
ming mechanism.  To  call  this  a  *'  swimming  instinct "  may 
seem  extravagant ;  yet  it  is  as  fully  entitled  to  the  name  as 
Self-defence  is,  .or  the  Alimentary  Instinct.  In  all  three 
cases  there  is  a  connate  mechanism  set  going  by  appropriate 
i'eelings. 

70.  Since  all  admit  that  there  is  an  Alimentary  Instinct, 
let  us  see  what  kind  of  mechanism  it  implies.  There  must 
be  a  state  of  feeling  called  Hunger,  which — combined  with 
otlier  feelings — determines  certain  muscular  adjustments  in 
the  search,  recognition,  capture,  and  finally  tiie  swallowing 
of  the  food  : — a  very  complex  series  of  actions,  which  lead 
to  and  sustain  one  another  until  the  desire  is  gratified. 
On  the  mental  side  there  are  three  constituents^  all  in- 
dispensable: the  hunger  must  be  felt,  the  food  must  be 
discriminated,  the  desire  must  be  gratified ;  on  the  physical 
side  there  are  also  the  indispensable  arrangements  of  the 
motor  mechanism.  Now  it  is  obvious  that  the  entire  me- 
chanism of  this  instinct  cannot  be  localised  in  the  brain, 
even  if  its  mental  elements  are  localised  there ;  and  there 
is  reason  to  believe  that  even  the  mental  elements — 
tlie  feelings  of  hunger,  discrimination,  and  gratification — 
are  not  exclusively  localised  there.  The  brainless  animal 
mjinifeats  if  not  the  feeling  of  Hunger,  at  any  rate  that 
feeling  of  discomfort  which  is  the  basis  of  Hunger.  The 
restlessness  is  that  of  a  hungry  animal.  Now  w^e  know 
that  some  of  the  Systemic  Sensibility  is  preserved,  for 
we  see  the  animal  breathing,  swallowing,  urinating,  sleep- 
ing, preening  its  feathers,  changing  its  attitude,  resting  on 
one  leg  after  the  fatigue  of  the  other,  &c.     We  may  therefore 

•  If  the  water  is  perfectly  still  the  fish  sinks  to  the  bottom  and  re- 
maius  motionless  until  the  water  be  stirred.  Mere  contact  does  not 
suiTice  ;  there  must  be  intermittent  pulses  from  the  moving  wator. 
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iiifor  tliat  olln;r  s]D«u-inic  ncnsiil  ionn.  inch  as  ITungsr  and 
Tliirat,  ariso  uiiiler  llie  usunl  uuii<li  Lions. 

71.  We  have  noted  an  indication  of  Hun^r;  Inil  ou  rurthar 
tibaervatioii  we  discover  that  although  Iho  food  is  eaten,  if 
brour>hl  within  reach  of  that  portion  of  tho  fpedin;;  niGchauiatn 
which  is  still  intact,  yet  the  Horond  step — tho  focltng  of  reco;;- 
nitiou — is  wanting.  The  animal  fiiils  to  p^rcoive  the  food 
bnnight  under  lii.f  eyes,  or  even  phiwd  iu  his  month ;  iinlesa 
Uie  back  part  of  th«  ninnth  be  toiirhi'd  no  swallow-int;  Xake* 
place.  Hence  the  animal  cui  no  longer  food  himself,  and  ia 
ihorcforo  said  to  have  lout  his  iootinct.  Hut  although  tJui 
mechanism  of  tho  instinct  has  been  disturbed,  its  action  i*  not 
wholly  nlxilinhed.  The  Itmin  is  nucoAsary  for  that  oorabinatiuo 
of  ailjiL-itnienU  wliich  nomially  accomjinny  tho  perception  of 
food  lliniugh  sipht  and  went ;  and  ila  alwuyico  of  coutso  frus- 
trates Huch  comhinatiou ;  but  we  nliall  prcRently  soo  tliat  &!• 
though  cOTtafn  sensible  mnrks  by  which  a  perception  u  guided 
tre  absent.  otlicrH  may  stitl  l>e  present,  and  suffico. 

72.  Hefotv  ndducin-;  esamplvs  let  mo  say  tliat  w*  cannot 
legiltmati-ly  attribute  the  nlieyanci;  of  an  instiuat  sololy  to 
the  Bbsence  of  the  brain,  i*.  Itecauiw  we  obsorvo  a  similar 
abeyance  of  tho  instinct  and  frustrelion  of  perce|ition,  even 
when  the  brain  is  preKcnt,  and  the  animal  is  in  its  normal 
stale.  2*.  On  the  olUer  baud,  somu  instincts  ore  unmistak- 
ably n'nuiifesled,  and  Mtme  ]M)rceptions  o:[citC(I,  aftvr  tlic  brain 
hm  been  removed.  In  fact,  all  that  is  nce-dful  i.i  that  somn 
of  the  mental  elementa  of  such  perception  and  such  instinct 
be  preserved;  and  tliia  is  the  case  so  long  as  tin  iMdin); 
element  is  present 

73.  On  the  first  point  mnsidor  this  uncqnivoaal  oxarapht 
A  hralthy,  biin<^  froj;  may  be  placed  in  a  veaael  in  whioh 
lie  a  qnoBtity  wf  dead  fltes.     He  mh*  tlioM  flic*,  but  «ghl  k 

lugb  ;  to  him  they  are  only  no  many  black  spots,  in 
which  ho  dues  not  recognise  bis  food,  tecinso  tlie  flits  di  I 
not  move,  and  the  trading  tlemrtU  in  his  [>ercept)on  of  food  1 

I  is  not  a  eolwrrd  fonu.  but  a  moriny  form.  Hence  tbia  tnf^  J 
ju  spite  of  brain  and  an  intact  organism,  will  starve  amidtt.  j 
k{ftropriale  food.     Wbareaa  tlit  frag  that  will  not  snap  wt  J 


» 
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motionless  flies,  snaps  at  any  other  small  moving  object, 
though  it  be  not  his  food.  Goltz  observed  one  incessantly 
snapping  at  the  moving  tentacles  of  a  slug  which  was  in  the 
vasgel — as  if  that  were  possible  food !  Not  only  the  stupid 
frog,  but  the  more  intelligent  camivora  will  starve  in  the 
presence  of  appropriate  food  which  is  unrecognised,  because 
the  leading  element  in  the  recognition  is  absent.  The  cat 
will  not  eat  a  dead  mouse,  unless  she  has  killed  it  herself. 
Predatory  animals  must  capture  their  food — unless  the  scent 
of  blood  excites  their  alimentary  instinct.  So  intimately  is 
this  sensation  of  a  moving  object  connected  with  the  pre- 
datory impulse,  that  the  cat  wliich  is  unexcited  by  the  dead 
mouse  cannot  resist  springing  on  a  moving  ball.  We  need 
not  suppose  the  cat  to  mistake  this  ball  for  food ;  but  we 
must  suppose  that,  accustomed  to  pounce  upon  moving  food, 
it  is  imable  to  resist  the  impulse  of  this  leading  sensation. 

74.  The  presence  of  the  brain  not  sufficing,  in  the  absence 
of  the  leading  sensation,  we  shall  now  see  that  the  absence  of 
tlie  brain  will  not  prevent  the  execution  of  the  instinctive 
action,  if  the  leading  sensation  be  present.  The  brainless 
bird  sees  a  heap  of  grain,  or  a  pan  of  water,  but  no  more 
recognises  them  by  sight  alone  than  the  frog  recognises  the 
dead  flies ;  yet  if  tlie  bird's  feet  be  placed  in  the  water,  this 
sensation  will  suffice  to  make  him  drink;  if  placed  amid 
the  grain,  this  sensation  will  (sometimes)  suffice  to  make 
him  feed.  Lussana  and  Lemoigne  state  that  their  brainless 
pigeons  ate  and  drank  with  avidity  when  their  feet  were 
placed  in  grain  and  water.*  M.  Krishaber  removed  the 
hemispheres  from  a  pigeon,  and  observed  that  when  his 
beak  was  thrust  into  a  heap  of  hempseed  the  head  wiis 
quickly  withdrawn,  whereas  when  the  beak  was  plunged 
into  water  th6  bird  drank  eagerly.  Every  day  he  was 
forced  to  feed  the  bird  by  pouring  the  seed  into  its  throat, 
but  every  day  it  drank  when  tlie  beak  was  thrust  into  the 
pan  of  water.f  Briicke  noticed  that  his  brainless  hen,  wliich 
made  no  attempt  to  peck  at  the  grain  imder  her  very  eyes, 

*  Lussana  e  Lemoigne  :  Op»  ctt.,  i.  15. 
t  Archives  de  Phydologie,  1869,  p.  539. 
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pecking  if  ilie  grain  were  thmwii  on  the  grotmcl  with 
furce,  so  us  to  i>r<xl(ico  r  rattling  sound.  The  sensation  itf 
benriu)*  was  ht'rc  inure  pirifpcl  tlinn  thnl  gf  vision,  ami 
■tifiieeMl  to  awakf-n  the  stut«  of  fvcling  necessary  to  initiate 
tJie  i)ecking  inovcmenL* 

75.  Somcwiiat  analogous  phenomena  are  otiM>rvoil  in 
.ApUnsia.  TliP  patient  can  see  printed  or  vritt«n  ]elt«r»,  nud 
even  copy  ihi'iii ;  but  he  cannot  read,  i*.,  intorpret  these  syui- 
Imb :  u  the  lti^ls  spc  the  j^niin.  but  cannot  connect  this  sensa- 
tion wiUi  oUK>r!t.  Tliese  letters  and  words,  which  Uie  patient 
cannot  interi)rct  when  nftn,  he  can  inlor]iret  when  keanl;  he 
can  not  only  understand  them  when  spokt-n,  but  write  theui 
if  they  are  dictated  to  Iiiin.  The  birds  rocogniso  the  gnkin  anil 
water  (or  net  a.«  if  they  did)  when  other  sensationit  than  ihoM 
ofsighl  are  excited.  Sound  1.4  the  leading  element  iu  I^ngfuage, 
both  spoken  and  written.  We  hear  the  words  even  when 
.we  see  them,  but  we  do  not  see  them  when  wa  hear  them. 
Tile  visible  symbols  are  accessory  anrl  subordinate.  But  to 
the  bom  deaf  tlie  visible  symbols  ilominat«.  How  ono  sen- 
Mtion  will  determine  a  particular  t^>up  of  movements  which 
cuinot  bo  effected  by  any  other  stimulus  in  abundantly  illus- 
trate<I  in  disease  no  less  than  in  experiment    Here  is  a  very 

*  BxDcEk:  PItynategU,  il.  p.  J3.  ^Vliile  lliMe  iliMU  ar«  puuiii); 
llti«a}(h  the  prcu,  Oiitn  iion  puliliahrd  bia  iw<(it]i]  trne*  iit  rxperimenu 
OB  U)«  brain.  Tb*  fnllmrinK  tlplail  i*  a  v,nnA  illuotralion  of  wbAt  i* 
Mid  in  tlia  taiL  A  dog  ilvprivnl  of  b  jwrlion  of  both  tmnUpbere* 
iiuplti]'«il  a  nivkeil  iiniwiFvctioa  in  the  exet'niiuD  cif  □rUioar;'  tn*tinct<. 
Althouuli  t\s\i\.  wot  ini[>«in!d  be  coulii  an-,  imd  rccogiiUL-  iiirn  nn>l 
crtuiu  obj^u  :  tb«  >i^ii  ot  a  wliip  niiuie  hitn  cuwpt,  biii  iliv  'I;;!!! 
nf  meat  ilicl  not  infflca  to  Mt  the  fonlins  niMhaniain  in  oftioo.  Whnii 
meat  wu  >iu]i«n(lnl  sbora  bia  hm<l,  the  ucnt  eanieil  him  to  mitf  about 
In  MMth,  but  li*  fnilnl  lo  fin<l  it,  ami  evm  whni  b«  wu  m  pkc«J  tlial 
In  MulO  Mp«  tka  iiupenilcU  meat,  the  ununai  inijinmion  failnl  lo  gniilv 
Vm.  If  tb«  mriat  w«r«  held  tnvanla  bint,  or  {iloocd  ticfate  him  in  a 
diab,  bfl  tnok  it  at  nnec — thlt  Ixinjj  tb*  euftontaf?  •limulalton.  80 
•W>,  If  Ibu  baud  wen  heU  n|i,  in  Uia  n>ii«l  way  <mhm  i\ng*  are  mad* 
tn  Ingi  for  fnod,  tliii  do;;  aimng  viicoTaii>lf  up  anil  caiiuht  Um  food  i 
but  li«  voaUl  tpring  up  in  the  asmo  waj-  wbnn  the  baiiJ  waa  held 
CBiptjr,  and  coiitlnua  fmitlMtly  (prin^ns;,  whensa  an  uiiinJuKed  dot; 
waialo^iritu,-  wben  be  ««  tbo  liaad  ■•  rmpiv.  —  PJUifa'i  Ar^ip,  Al. 
air.  p.  419, 
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luminous  example :  Gratiolet  had  a  patieut  for  six  months 
under  his  eye  incapable  of  articulating  a  single  word,  owing 
to  the  incoherence  of  her  incessant  utterance — she  babbled 
sounds,  but  could  not  group  the  syllables  into  a  recognisable 
word.  Yet  she  could  sing  the  words  of  any  song  she  knew, 
the  musical  sensations  being  sufficient  to  guide  her  vocal 
organs.  "  Ainsi  la  niemoire,  infiddle  dans  le  cas  oii  les  mots 
^taient  des  id^,  devenait  claire  et  praise  quand  les  mots 
^taient  des  chansons.'"^ 

76.  These  illustrations  plainly  tell  how  the  brainless  ani- 
mal may  starve  amid  his  food,  failing  to  perceive  it  because 
the  leading  sensation  is  not  excited ;  and  how  the  same  ani- 
mal may  manifest  his  feeding  instinct  if  the  mechanism  be 
set  going  by  a  leading  sensation.  We  are  told,  indeed,  that 
in  the  absence  of  the  brain  the  actions  are  mechanical  reflexes 
from  impressions,  and  not  comparable  with  the  complex 
processes  determined  by  perception.  I  think,  however,  that 
the  only  difference  is  in  degree  of  complexity :  a  combination 
of  touch,  temperature,  and  muscular  movement  will  be  simpler 
than  one  which  also  combines  sight,  smell,  and  the  revived 
images  of  associated  sensations.  The  sight  of  a  sheep  affects 
the  instinctive  mechanism  of  a  wolf  only  when  combined 
with  the  leading  element  of  smell.  Place  a  stuffed  sheep  in 
a  field,  and  no  wolf  will  approach  and  spring  on  it^  whereas 
the  blind  wolf  will  find  and  capture  the  real  sheep ;  and  I 
believe  that  were  it  practicable  to  remove  the  brain  without 
injury  to  the  organ  of  scent  and  the  powers  of  locomotion, 
the  wolf  would  track  and  capture  the  living  sheep. 

77.  The  outcome  of  this  discussion  is  that  the  mechanism 
of  each  instinct  is  the  adjustment  of  the  organs  which  effect 
the  instinctive  action ;  and  this  adjustment  is  not  simply  a 
cerebral  process,  but  a  complex  of  mawy  sensorial  processes ; 
consequently  the  instinct  cannot  be  exclusively  localised  in 
the  brain,  although  the  cerebral  process  may  be  a  very  impor- 
tant element  in  the  adjustment.  This  is  true  even  on  the 
supposition  that  in  speaking  of  Instinct  we  refer  only  to  the 
state  of  feeling  which  originates  the  action — separating  the 

•  Gratiolet  :  Anat,  Comparie  du  Systime  A^«rwMX,  1857,  p.  459. 
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'  pcychological  from  tho  physiological  aspect  of  the  pheno- 
niftnon.  Fur  the  braiu  miniM  the  organism  is  obviously  in- 
CftpaMe  of  feelingn ;  wbereoa  the  organism  minva  the  limin  is 
obviously  capable  of  sensibilities  adequata  to  determine  tho 
ftctions.  Thus  the  feeliug  of  hunger  which  prompts  iha 
alimentary  aclJons  does  not  arise  if  tlm  animal  is  satiated, 
nor  (iota  tlie  sexual  feeling  which  prompts  generative  actions 
•rise  when  the  animal  is  castrated ;  but  each  arises  wlieu  tlio 
organism  is  in  a  particular  state.  In  vain  will  food  be  placed 
before  the  satiatod  animal,  or  a  female  before  the  castrated 
male ;  foofl  and  fumalc  aro  seen  and  rcuognisvd,  but  no  dcairea 
arv  excited,  in  spito  of  the  brain  and  its  supposed  instincts. 
On  tho  contrary,  when  the  brain  is  removed,  the  need  of  the 
organism  for  food  is  felt,  and  this  need  determines  re.<itles3 
movements,  which  are  directed  by  certain  other  sensations, 
and  llie  instinctive  action  of  feeding  is  finally  effected; 
altboogh,  of  course,  the  removal  of  the  braiu  has  so  disturbed 
tho  normal  mechanism  of  the  instinct  that  the  action  is  im- 
perfect Ktmzi  says  that  an  animal  deprive-d  of  its  brain  has 
lost  the  intelligence  which  enables  it  to  s<^ek  and  seize  its 
food,  but  not  the  instinct,  since  it  slill  haa  the  desire  for 
foo<l.  Till!  following  experiment  may  illustrate  this.  Reiizi 
ruled  stipvrliciaUy  oav  optic  thalamus  of  a  frog  without 
iiyuring  the  external  margin,  or  optic  tract.  Tlic  frog  showed 
DO  appreciable  loss  of  sight,  but  hopp<^  timidly  away  when- 

'  ever  approadu-xl.  Then  both  tlialami  were  divided  trans- 
versely, tho  optic  tract  still  being  spared  Tliia  frog  re- 
uned  motioalvM  under  every  threat  It  manifested  no 
alarm,  and   even    when   directly  irrilatetl,  only  crawled  or 

Ljufq^  away  like  a  braial4>Hs  tng.  .Sight  still  so  far  n- 
\  tliat  obfitaclM  were  avoided.*  Now  since  tliis  ani- 
I  brain  WAS  intact,  and  its  organs  of  movement  were 
B  of  n«fionding  to  stimulation,  how  ate  we  to  explain 
tkeloMof  its  instinct  of  self-prestTvation  f  Hie  frog  pe> 
eeired  do  dangler  in  a  threatening  apjiroach,  yet  perceived  an 
obstacle  and  avoided  it,  getting  under  it  if  there  were  room 
enough,  crawling  bosido  it  if  that  was  the  easier  oscape. 
*  LcssAxa  •  Laioioxa  :  Oj>.  tit.,  L  363. 
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Why  did  one  vision  prompt  the  movements  of  escape,  and 
another  fail  ?  Was  it  not  that  in  the  one  case  the  normal 
pathway  was  still  open,  in  the  other  closed  ?  We  know  that 
one  injury  will  destroy  the  perception  of  colour  without 
destroying  that  of  light  and  shadow;  so  one  injury  may 
destroy  the  combination  of  neural  processes  necessary  for  the 
perception  of  a  danger,  without  destroying  those  necessary 
for  the  perception  of  a  hindrance.  If  all  actions  depend  on 
their  mechanical  conditions,  they  must  be  disturbed  accord- 
ing to  the  disturbance  of  the  conditions.  Nothnagel  found 
that  after  removing  the  nucleus  lentiformis  on  both  sides  of 
a  rabbit,  leaving  all  the  rest  of  the  encephalon  intact,  the 
rabbit  hopped  when  its  tail  was  pinched;  yet  although 
starting  at  the  sound  when  hands  were  loudly  clapped,  did 
not  hop  as  a  normal  rabbit  does ;  nor  although  closing  his 
eyes  when  a  light  was  brought  near  them,  did  he  ever  move 
aside.  No  feeling  of  danger  was  excited  by  soimd  or  sight 
In  striking  contrast  are  the  phenomena  manifested  by  a 
rabbit  whose  corpora  striata  have  been  removed :  it  is  with 
difficulty  made  to  hop  by  pinching  its  skin,  whereas  noises 
and  sights  cause  it  to  make  terrified  bounds  * 

78.  No  sooner  do  we  analyse  the  conditions  of  an  in- 
stinct than  we  see  the  error  of  regarding  instincts  as  localised 
in  the  brain.  The  cerebral  process  is  only  one  factor  in  the 
product — an  important  factor,  no  doubt,  since  the  cerebrum 
is  the  supreme  centre  of  incitation  and  regulation;  but 
its  absence  does  not  wholly  carry  away  the  activity  of  the 
mechanism,  sentient    and    motor,   on  which   the   instincts 

*  Virchovj's  Archiv,  BJ.  Ix.  pp.  130-33.  Yet  there  are  many  physio- 
logists who  persist  in  placing  the  motorium  commune  in  the  corpora 
striata  !  And  they  place  the  sensorium  commune  in  the  optic  thalanii, 
although,  not  to  mention  the  ambiguous  evidence  of  Pathology,  the 
experiments  of  Nothnagkl  and  VKYSSifeRE  show  that  destruction  of 
the  thalami  does  not  destroy  sensation.  See  Yeyssi&re,  Recherches  sur 
Ihemianesthesie  de  cause  cerebrate,  1874,  pp.  83,  84.  I  may  observe,  in 
passing,  that  the  notion  of  the  corpora  striata  being  the  necessary  chan- 
nel for  volitional  impulses,  and  the  optic  thalami  for  reflex  actions,  is 
utterly  disproved  by  the  experimental  evidence  recorded  in  the  text,  as 
well  as  in  §  66. 
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dopend,  it  only  cani<«  away  one  source  of  stimuliition  and 
n-j;ulatioii. 

79.  An  imtinct  dopcnda  on  a  connate  mechanUni.  Let  ur 
(glance  for  a  moment  at  a  piiralletl  case  of  an  ordinary  retlex 
action,  also  dependent  ou  a  eouuato  mechaiitsm,  say  that  of 
siieczLB^.  liVlifn  ihe  inner  surface  of  llie  nose  is  sliinulatod 
by  snuIT,  or  other  irrilant,  the  nasal  branch  of  the  trigeminus 
is  excited,  and  the  elfccU  are  first  a  deep  inspiration,  tlien  a 
closure  of  the  respiratory  orifices  hy  the  tongue,  which  in 
turn  excites  a  spasmodic  expiration.  But  tli«  same  eOucts 
aru  producible  from  (luile  differeut  stimulations— namely, 
that  of  the  ciliary  nerves  ow  Bud<len  exposure  to  a  )»lare  of 
suuahine — or  of  the  akin  nerves  on  a  sudden  draught  of  cold 
ur,  liriicke  remarks  that  there  is  perhaps  no  spot  on  the 
surface  of  the  Iwdy  from  which  this  rcHox  may  not  be 
excit«d  in  very  sciuitive  people,  lie  knew  a  ^utleman  who 
always  snei.'o.ul  when  in  winter  b«  laid  hold  of  a  cold  door 
bell ;  ftD<l  the  fit  of  sQeozing  was  only  arrested  by  giving  biui 
a  cnist  of  bnsod  or  something  hard  to  gnaw.  Xow  just  as 
the  connate  methnnism  of  sneezing  may  Ixs  set  in  action  by 
a  variety  of  slimulatioiia,  so  may  the  connate  mevhanism  of 
an  iustiucU 

ACQuisrnns. 

80.  Not  only  may  DiscriminatioQ  and  Instinct  bo  mani- 
fested in  the  absence  of  the  brain,  bnt  oven  the  acquisition 
of  new  modes  of  reaction,  such  as  are  classad  under  Learning 
through  KKperience.  The  objection  is  S(>ni<:tim<ss  urged  thai 
aiiiwaU  witliout  tlieir  brains  only  manifest  single  reoctionM 

IB— the  pinched  foot  is  withdrawn,  and  then 
)  until  again  pinched.  Itnt  althongb  the 
MS  not  cxcitu  a  coiisiK;utivu  series  of  movo- 
t  thenr  is  no  oembnim  to  react  in  sacc«ssivw 
stimnlation,  tliJa  does  uot  prove  the  absence  of  sensation  in 
the  one  movement  which  is  excited.  If  my  hand  be  lying 
on  the  table,  and  somethinjj  irritates  it,  my  ham)  is  willi- 
dr«wD,  and  then  remains  as  mutiouleas  as  the  limb  of  the 
brainless  animal,  until  some  fieah  slimulalioB,  exteiuul  or 
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internal,  moves  it.  Although  removal  of  the  brain  causes  a 
manifest  reduction  in  the  variety  and  succession  of  the  move- 
mentSi  all  experimenters  are  agreed  that  animals  acquire  a 
certain  dexterity  in  executing  actions  which  they  had  pre- 
viously failed  to  carry  out  after  removal  of  their  brains. 
"  There  is,"  says  Freusberg, "  a  decided  improvement  acquired 
in  the  reactions  of  the  motor  centres  after  division  of  the 
spinal  cord,  not  indeed  in  vigour,  but  in  delicacy.  Removed 
from  the  regulating  influence  of  the  brain,  the  legs  acquired 
through  practice  a  power  of  self-regulation,"  Nor  is  this 
wonderful :  pathways  are  made  easy  by  repetition  of  impulses, 
and  new  adaptations  form  new  adjustments.  It  is  thus  all 
learning  is  effected — ^intelligent,  and  automatic.  Nor  is  there 
any  force  in  the  objection  that  the  power  thus  acquired 
speedily  disappears,  so  that  if  the  stimulations  are  effected  at 
long  intervals  the  reactions  do  not  manifest  their  acquired 
dexterity.  The  spinal  centres  forget,  as  the  cerebral  centres 
forget ;  but  they  also  remember,  i,e,,  they  learn.  Because 
an  animal  shows  to-day  none  of  the  aptitude  it  acquired 
three  days  ago,  we  are  not  to  deny  that  it  had  once  acquired 
the  aptitude  it  has  now  lost.  Attempt  to  teach  a  child  to 
read  by  giving  it  spelling  lessons  of  two  or  three  -minutes  at 
intervals  of  two  or  three  months,  and  little  will  the  acqui- 
sition be ! 

81.  Hitherto  we  have  been  considering  phenomena  mani- 
fested in  the  absence  of  the  cerebral  hemispheres,  because  it 
is  in  these  that  the  majority  of  writers  place  the  sensorium. 
There  are,  indeed,  many  authoritative  writers  who  regard 
the  ganglionic  masses  at  the  base  of  the  cerebrum,  and  even 
those  of  the  medulla  oblongata,  as  participating  in  this 
sensorial  property,  which  they  refuse  to  the  lower  ganglia  in 
the  spinal  cord.  I  cannot  foUow  their  logic.  The  cerebrum 
is  by  its  position  as  a  centre  of  centres,  and  its  detachment 
from  all  direct  innervation  of  organs,  so  different  from  the  rest 
of  the  neural  axis,  that  we  can  understand  how  it  should  be 
assigned  a  special  function ;  although  being  of  the  same  tissue 
as  the  other  ganglionic  masses,  it  must  have  the  same  property. 
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And  wlinl  that  special  function  is  I  sliall  hereafter  eiidoavour 
tx>  sctfortli,  But  that  the  upper  re;pon  uf  the  spinal  nxis 
slioiilJ  diOcr  so  profouudly  iVoni  the  lower  region  a^  to  txi 
the  seat  of  psychical  processes,  wliile  the  lower  region  is 
simply  the  seat  of  mechanical  processes,  is  what  I  canuot 
understand,  bo  long  as  the  otistomical  structure  and  physio- 
lo^cal  properties  of  the  two  rc<;ions  are  seen  to  lie  iJ^utical. 
The  various  centres  iiuierrate  various  organs,  ami  liave  con- 
setjueRtly  various  functions.  As  each  centre  is  removed,  we 
observe  a  corresponding  loss  of  function — the  organism 
is  truncated,  but  continues  to  manifest  such  functions  as 
have  Btill  their  mechnnisms  intact.  Let  na  suppose  the 
brain  or  upper  regions  of  tho  cord  detached  from  the  lower 
regions  by  a  scrlion  of  the  cord ;  tho  onimiJ  will  sttll  live, 
and  i>erfrtnn  almost  all  its  functions  in  the  normal  way, 
bat  there  will  be  little  or  no  consensus  between  the  lower 
and  the  upper  regions,  (irsnting  f^i^naibility  to  both,  we 
imtsl  still  see  tliat  the  eematton  excited  in  one  will  not  be 
felt  in  tho  other.  And  this  is  the  ground  on  which  physio- 
h>gt8ts  deny  that  the  lower  regions  have  Sensibility.  With- 
out {muring  heirs  to  examine  this  {loint,  which  will  occupy 
us  in  tlie  ucJtt  chapter,  I  aasuine  that  the  positive  evidence 
of  Sensibility  suffices  to  discredit  that  argument ;  and  in 
furtherance  of  tliat  assumption  will  cite  an  example  of  sensa- 
tion and  volition  manifested  by  tho  lower  jiortion  of  lh«  cord 
when  M-parnted  from  the  bnun  Mid  upjier  |virtion, 

82.  Tito  function  of  Urination  is  one  which  notoriously 
lictongs  to  the  voluntary  class,  in  so  far  as  it  is  initiated  or 
arrested  by  a  voluntary  impulse,  and  it  is  one  which,  accord- 
ing to  the  classic  teaching,  has  ita  centre  in  the  brain.  The 
grounds  on  which  this  cerebral  contrv  is  a8si<;nt;<l  are  veiy 
similar  to  tliose  on  which  other  functions  are  imtigned  to 
rCTcbnd  centres,  niuiii-ly,  ob«ervatton  of  the  suppresjiion  uf 
the  fuiicttou  wheu  the  palliway  between  certain  organs  ami 
the  Imin  is  interrupted.  But  the  careful  experiments  of 
(!ulti  *  have  demoiuinited  ihnt  the  "  ceattv  "  of  Urination  is 
tnt  in  the  brain,  but  in  the  lower  region  of  the  cord.  Wlien 
*  fJISgtt'4  Ankir,  Bdc  viii.  and  b. 
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the  cord  is  completely  divided.  Urination  is  performed  in  the 
norvial  way — not  passively,  not  irregularly,  but  with  all  the 
characters  of  tlie  active  regular  function.  And,  what  is  also 
noticeable,  this  function  is  so  intimately  dependent  on 
Sensibility  that  it  will  be  arrested — like  any  other  function 
— by  a  sensation  excited  from  the  periphery — to  be  resumed 
when  the  irritation  ceases.  Now  this  arrest  from  a  stimu- 
lation of  sensory  nerves  takes  place  when  the  brain  is  cut  oflf 
from  the  spinal  centre,  just  as  when  the  brain  is  in  connection 
with  it. 

The  same  is  true  of  Defecation,  and  the  still  more  complex 
functions  of  Generation  and  Parturition.  I  can  only  refer 
the  reader  to  tlie  very  remarkable  case  of  Goltz's  bitch  with 
the  spinal  cord  divided  in  the  lumbar  region,  if  evidence  be 
wanted  for  the  performance  of  complex  functions  so  long  as 
the  spinal  centres  were  intact.  It  is  true  that  Goltz  con- 
siders these  functions  to  have  been  independent  of  sensation ; 
but  that  is  because  he  has  not  entirely  emancipated  himself 
from  the  traditional  views ;  for  my  purpose  it  is  enougli 
that  }ie  admits  the  functions  to  be  dependent  on  sensorial 
processes. 

83.  To  sum  up  the  evidence,  we  may  say  that  observation 
discloses  a  surprising  resemblance  in  the  manifestations  of 
the  cord  and  brain.  In  both  there  are  reflex  processes,  and 
processes  of  arrest ;  in  both  there  are  actions  referable  to 
conscious  and  unconscious  processes  ;  in  both  depression  and 
exaltation  are  produced  by  the  same  drugs ;  in  both  there 
are  manifestations  interpretable,  as  those  of  Discrimination, 
Logic,  Instinct,  Volition,  Acquisition,  Memory ;  in  both  there 
is  manifestation  of  Sensibility  —  how  then  can  we  deny 
Sensation  to  the  one  if  we  accord  it  to  the  other  ? 
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84.  I  FANCV  soma  reader  exclaiming:  "All  your  run-son- ■ 
in^  and  all  your  manholleil  fficls,  are  swept  away  by  Ute 
irrcsistiblu  evidence  of  bumnii  pattbuts  with  iiijnred  spinal 
corda,  whose  laga  hare  mauifested  reflex  actions,  and  who 
nevertbclesa  declared  tliey  had  no  xrualion  ickatetcr  in  them. 
W«  can  never  b«  sure  of  what  passes  in  an  iioimal  j  hut  man 
ran  toll  tiH  wIii^lhcT  he  feels  an  imprcs.'^iun,  or  diics  not  feel 
it ;  and  since  Jie  tells  us  that  he  does  uot  feel  it,  tannic, 
however  he  niay  try,  we  conclude  that  reflex  action  may  take 
place  without  Renaation." 

Aa  thJA  ia  the  one  soUtary  fact  which  is  held  to  negative 
the  mass  of  eWdence,  anatomical  and  phyaiolosical.  in  favour 
of  the  Sensibility  of  tlio  spinal  conl,  it  is  necessary  that  we 
should  candidly  examine  it,  No  reader  will  supposo  that 
dnrinj;  the  twenty  years  in  which  I  have  advuciited  the 
floctrine  expounded  in  this  volume  I  have  not  been  fully 
alive  t^i  the  one  fact  which  prevented  the  i^encral  acceptance 
of  the  doctrine.  From  the  first  it  has  scemctl  Xa  me  that  tho 
fact  has  been  misintt>rpret»d. 

86.  Ccrtjiin  injuries  to  the  spinal  cord  destroy  tlie  con- 
nection of  the  pari*  beJow  the  injury  with  llie  parts  above 
il ;  conflei|uently  no  impression  made  on  the  limbs  Ixdow  the 
injnred  Hpot  is  trans[nitt«d  to  the  braiu,  nor  can  any  ccrebml 
iiicitotiiin  rvach  thos«  limbs.  The  patient  hns  lost  all  cou- 
cioiisness  of  tlH!»e  limbs,  and  all  control  over  them.  Htint^'r's 
pAlienl  on  bein}(  axked  if  b«  felt  any  pain  whf.»  the  prick 
cauMtt  his  leg  to  kick,  answered,  "  No :  hut  you  see  my  Ic^ 
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does."  This  answer  has  been  regarded  as  a  drollery ;  I  think 
it  expressed  a  physiological  truth.  For  on  the  assumption 
that  the  whole  of  the  cerebro-spinal  axis  had  one  uniform 
property,  corresponding  with  its  uniform  structure,  and 
w^iQMB  functions,  corresponding  with  the  variety  of  organs  it 
innervates,  a  division  of  this  axis  would  necessarily  create 
two  independent  seats  of  Sensibility,  and  interrupt  the 
consensus  of  their  functions.  In  such  a  case  it  would  be 
absurd  to  expect  that  the  cerebral  segment  could  be  affected 
by,  or  co-operate  with,  what  affected  the  spinal  segment. 

Now,  when  a  man  has  a  diseased  spinal  cord,  the  seat  of 
injury  causes,  for  the  time  at  least,  a  division  of  the  whole 
group  of  centres  into  two  independent  groups.  For  all  pur- 
poses of  sensation  and  volition  it  is  the  same  as  if  he  were 
cut  in  half ;  his  nervous  mechanism  is  cut  in  half.  How 
then  can  any  cerebral  control  be  obeyed  by  his  legs ;  how 
can  any  impression  on  his  legs  be  felt  by  his  cerebrum? 
As  well  might  we  expect  the  man  whose  arm  has  been 
amputated,  to  feel  the  incisions  of  the  scalpel,  when  that 
limb  is  conveyed  to  the  dissecting-table,  as  to  feel  by  his 
brain  impressions  made  upon  parts  wholly  divorced  from 
organic  connection  with  the  brain. 

86.  But,  it  may  be  objected,  this  is  the  very  point  uiged. 
The  man  himself  does  not  feel  the  impressions  on  his  legs  when 
his  spine  has  been  injured ;  he  is  as  insensible  to  them  as  to  the 
dissection  of  his  amputated  arm.  Very  true.  He  does  not 
feel  it.  But  if  the  amputated  arm  were  to  strike  the  anato- 
mist who  began  its  dissection,  if  its  fingers  were  to  grasp  the 
scalpel,  and  push  it  away,  or  with  the  thumb  to  rub  off  the 
acid  irritating  one  of  the  fingers,  I  do  not  see  how  we  could 
refuse  to  admit  that  the  arm  felt  althougli  the  rnan  did  not. 
And  this  is  the  case  with  the  extremities  of  a  man  whose 
spine  is  injured.  They  manifest  every  indication  of  sensi- 
bility. In  the  frog  and  pigeon  the  legs  manifest  the  un- 
mistakable control  wliich  we  ascribe  to  volition.  It  is  true 
that  the  man  himself,  when  interrogated,  declares  that  he 
feels  nothing ;  the  cerebral  segment  has  attached  to  it  organs 
of  speech  and  expressive  features,  by  which  its  sensations  can 
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ODmmaDicatccl  to  others ;  wLeraas  tlie  gp'tnol  segniciit  lia^ 
noBUcIi  means  of  coramunicating  Us  Beusationa;  but  tliosu 
wlticb  it  ha*,  it  aaploys.  Yqu  can  ask  the  cerebral  segment 
a  question,  vUich  i;iui  be  heard,  uDderstoo<],  and  answered ; 
this  is  not  tbo  case  with  the  spinal  s<.-};iuenl ;  yet  if  yuu 
tr»t  its  sensiliility,  the  result  is  une<]uivocal  Vuu  caiiuot 
iisk  All  animal  whether  it  feels,  but  you  can  test  its  sensi- 
bility, and  ttiut  test  sufficea. 

87.  The  question  we  have  to  decide,  therefore,  is  not 
whether  a  patiuut,  witli  an  injured  spine,  can  feel  impressions 
uu,  or  convey  voluntary  impulses  to,  liuiba  hclow  Uiu  seat 
of  injury — for   as  respects   the  nervous  mechanism  these 

■re  separated  from  him,  no  l^sa  than  if  actual  ampu- 
hod  taken  place — the  ijuestion  is,  whether  these 
limtis  have  any  seusihililyl  And  the  answer 
to  lau  unequivocally  nffimiative.  I  assert,  therefore, 
tlmtif  then)  is  nuple  evidence  to  show  that  the  sjiinal  centres 
have  seiisibility,  when  separated  from  the  cerebral  centres, 
mob  evidence  can  in  no  respect  be  weakened  by  the  fact  that 
a  man  with  on  injured  spiuu  is  unconscious  of  impressions 
made  bilow  the  scat  of  injury;  since  such  a  fact  necessarily 
follows  from  the  establishment  of  twu  centres:  the  ihuIji 
above  arc  then  not  sensitive  to  impn-ssious  on  the  part4 
below  ;  nor  are  the  parts  b«low  sensitive  to  impressions  on 
the  parts  above ;  but  each  segment  is  sensitive  to  ita  own 
aGbctions. 

88.  Every  one  knows  tliat  there  are  animals,  low  do^vn  in 
the  Bcnlv,  wluch  may  be  cut  in  two,  each  half  continuing  to 
live,  and  each  cajuible  of  ^l■p^Mlucing  its  lust  segments.  Wxtild 
any  one,  seeing  these  sG{>arated  halves  move  and  manifest 
ortliuary  tigax  of  Senoibilily,  venture  to  aay  tliat  the  one 
half  was  a  living,  the  other  an  insentient,  mixihauisni  ?  Aud 
•iuoe  the  one  holf  had  eyes,  mouth,  tootades,  &i\.  while  the 
other  half  hnd  none  of  these,  would  tlie  observer  Iw  sUTjirisod 
that  Um  functions  of  tlie  one  diOerod  from  those  of  the  other 
in  tbcM  reapecta  1  Why,  then,  should  he  not  ntuolude  ihu 
•une  at  the  two  halves  of  Uie  human  mecltaoism,  when  <Iis- 
OHB  had  dirided  them  f 
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89.  The  man,  you  urge,  does  not  feel  the  prick  on  his  leg. 
This  is  true,  because  "  tlie  man  "  here  designates  the  seeing, 
hearing,  tasting,  smelling,  talking,  thinking  group  of  organs 
— ^to  the  exclusion  of  the  limb  or  limbs  which  are  no  longer 
in  sensitive  connection  with  this  group.  When  a  leg  is 
amputated  "  the  man  "  remains — a  truncated  man,  indeed, 
yet  still  one  having  all  the  distinguishing  human  characters. 
Yet  obviously  in  strict  language  we  can  no  longer  say  that 
the  man  is  the  same  as  he  was.  "  Man  "  or  "  animal "  means 
the  complex  whole ;  and  each  anatomically  separable  part 
forms  one  constituent  of  that  whole.  The  medulla  oblongata 
and  spinal  cord  innervate  certain  parts ;  the  mesencephalon 
innervates  others ;  the  cerebrum  rises  above  the  whole.  If 
after  removing  one  limb,  then  another,  we  continued  trun- 
cating the  organism  till  we  left  only  the  head,  should  we  call 
that  the  man  ?  Clearly  not.  Should  we  even  suppose  that  the 
intact  brain — the  supposed  seat  of  sensation  and  volition — 
still  felt,  and  willed  ?  Clearly  not.  There  is  absolutely  no 
evidence,  however  faint,  of  the  isolated  head  manifesting 
any  sensational  and  volitional  phenomena ;  whereas  there  is 
ample  evidence  of  the  truncated  spinal  cord  manifesting 
some  of  tliese  phenomena.  And  this  is  intelligible  when  we 
understand  that  the  nerve-centres  stimulate  into  action  the 
organs  they  innervate,  but  do  not  by  themselves  play  any 
other  part. 

90.  "  The  man  "  then  does  not  feel  the  prick  on  his  leg, 
but  his  leg  feels  it.  The  man  has  no  consciousness  of 
what  takes  place  outside  the  sphere  of  bis  sensitive  mechan- 
ism ;  and  the  leg  is  now  outside  that  sphere.  Consciousness 
— as  distinguished  from  Sentience  in  general — ^we  have  seen 
to  be  a  resultant  of  the  composition  of  forces  co-operating  at 
the  moment ;  the  Sensibility  of  the  spinal  cord  in  the  regions 
below  the  injury  cannot  now  enter  into  that  composition. 
It  is  detached  from  the  upper  organs.  But  inasmuch  as 
the  organs  it  innervates  are  still  living  and  active,  the 
functions  of  this  detached  portion  are  still  displayed.  We 
have  seen  the  dog  with  divided  cord  capable  of  Urination, 
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TVI^eatioti,  Oetteratinn.  Ae ;  itt  hinilpr  le^,  Ihongh  nut 
tnoring  iu  a  consonsas  with  the  fordegs,  yet  moved  imlo- 
]>eiidei)tljr ;  and  all  the  nonoal  reflexes  of  the  parts  foUoweil 
on  sttmaUtiotiB.  To  say  that  **  the  dog  "  ahowetl  do  signs  uf 
Sensibility  when  its  hinder  limbs  wura  irritat^^d,  is  identify- 
ing "  thv  dug"  with  the  anterior  luilf  uf  the  urpinisin  which 
wu  aoi  Id  eoDouctivn  with  the  posterior  half.  It  is  eqnally 
Irne  th«t  the  posterior  half  showed  no  s'lgntt  of  Sensihility 
when  the  anterior  was  irritated.  The  two  halves  were  unitetl 
hr  the  circulation,  nutrition,  &c.,  hnt  disnnited  as  to  sensa* 
tion  and  volition. 

91.  Do  1  ihcD  suppose  tJie  separotod  half  of  an  animal  to 
feel  pun  and  plea«nre,  hope  and  terror  ?  Tliu  reiidcr  who 
has  attentively  fallowed  the  ex)X(sition  will  be  at  no  Kws  (o 
anawcr.  Pain,  pleasnre,  hope,  and  tnrtn',  am  sjtecial  uinde-s 
of  Sensibility,  dependent  on  particular  neural  combinations. 
The  organs  comprised  in  the  anterior  half  ()f  the  animal 
fnmisli  the  main  conditions  fur  iht^e  special  modes,  whereas 
tlie  i(r)^n.t  eompriswl  in  the  posterior  half  furnish  few  or 
none  of  thos<> — they  contain  none  of  the  special  Sen-tca,  and 
they  are  without  the  cliicf  combining  centre,  the  bmin.  But 
since  we  know  that  a  larj;o  amount  of  normal  Sensation  is 
wholly  withont  the  s^iecial  eharacters  of  pain,  pleasure,  hope, 
or  t«ntjr,  we  nool  not  hesitate  to  a«sign  Sensation  to  the 
B])inal  corf  because  these  characters  are  absent. 

92.  All  I  contend  for  is  that  the  spinal  ceittt»s  have 
Sensibility  of  the  same  order  as  the  cerebral  centres  ;  and  that 
in  the  nonnal  or^anifim  this  Scnsihihty  enter*  as  a  factor  into 
the  general  Conwiousnoss — no  one  portion  of  tJie  nervous  sys- 
tem iH-in);  really  independent  of  all  ihti  othera,  all  co-operating 
in  every  reeolt.  Over  and  over  again  I  have  had  to  iusittt 
that  the  projjerty  of  .'ii<nBibility  is  only  the  general  condition 
of  Sensation  ;  and  that  eaoh  particular  sensation  receives  ita 
ehartutfr  from  the  organs  innervatetl,  plu*  the  reaction  of  the 
whole  organism.  Ol>viously,  then-fon.-,  the  peculiar  chantcter 
«r  a  sensation,  or  "  state  of  co»sct>»nsneis,"  must  vary  with 
th«  Tariations  in  either  of  these  factors.    To  say  that  evoiy 
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segment  of  the  spinal  cord  has  Sensibility,  is  not  saying  that 
an  excitation  of  that  segment  will  produce  a  particular  sensa- 
tion of  definite  character ;  because  for  this  definite  character 
there  is  needed  the  co-operation  of  all  those  parts  of  the 
mechanism  which  enter  into  the  complex  product. 

03.  And  here  attention  must  be  called  to  a  double  fallacy 
pervading  the  arguments  on  the  other  side.  It  is  always 
assumed  that  the  reactions  of  an  organ,  or  part  of  the  organ- 
ism, when  separated  from  the  i*est,  are  typical  of  their  reac- 
tions when  forming  constituents  of  the  normal  organism. 
Nothing  of  the  kind.  The  movement  of  a  muscle  or  a  limb 
separated  from  the  body  may  resemble  that  movement  when 
normally  effected — but  only  as  the  movements  of  a  mechanical 
bird  resemble  those  of  a  living  bird :  the  modes  of  production 
are  different.  So  that  were  we  to  grant  the  postulate  of  the 
brain  being  the  exclusive  seat  of  sensation,  we  should  still 
deny  that  an  action  which  was  effected  after  removal  of  the 
brain  was  typical  of  the  action  effected  when  the  brain  was 
present.  The  leg  of  Hunter's  patient  jerked  when  the  skin 
was  irritated;  but  this  action  could  not  be  altogether  the 
same  as  the  similar  action  in  a  leg  united  with  the  rest  of  the 
sensitive  mechanism.  Nor  is  this  alL  The  leg  may  have 
been  insensible,  the  spinal  segment  which  innervated  it  may 
have  been  wholly  without  Sensibility,  and  still  we  should 
have  to  question  the  logic  which  extended  such  an  inference 
to  the  very  different  and  far  more  complex  actions  of  decapi- 
tated animals.  On  this  groimd : — The  leg  is,  by  the  hypo- 
thesis, insensible  because  cut  off  from  all  connection  with  the 
sensitive  mechanism.  But  this  is  not  the  case  with  the 
decapitated  animal:  there  still  remain  the  essential  parts 
of  a  sensitive  mechanism — all  the  chief  organs  are  still  in 
activity,  still  manifesting  their  functions.  Decapitation  has 
produced  a  great  disturbance  in  the  mechanism,  and  has 
removed  an  important  centre ;  but  nevertheless  every  im- 
pression excites  a  connected  group  of  centres,  and  this  group 
responds. 
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04.  In  conclusion,  unless  we  adopt  the  opinion  that  Sen- 
sation— Consciousness — Sensibility,  is  something  not  belong- 
ing to  the  physiological  properties  of  the  nervous  system  in  a 
vital  oi^anism  (the  opinion  held  by  spiritualists),  there  seems 
no  alternative  but  to  adopt  the  opinion  advocated  in  this 
volume,  namely,  that  the  physiological  properties  of  the 
ner\'ous  system  are  inseparable  from  every  segment  of  that 
system ;  and  the  functions  are  the  manifestation  of  tliose  pro- 
perties as  determined  by  the  special  organs  with  the  co- 
operation of  all. 
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